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PREFACE TO THE SECOND EDITION. 



The reception which the first edition of the Electric Railway 
Hand Book received at the hands of its readers in the electric rail- 
way field was most gratifying and the author wishes to thank them 
for valuable suggestions and data which they have sent him. A 
considerable part of this matter has been incorporated in this 
edition. 

In the second edition a number of sections have been rewritten 
and expanded and new subjects have been introduced to accord 
with recent developments in the electric transportation industry. 
New methods of testing have also been described and data on new 
types of apparatus have been added. 

It has been the author's effort to develop this Hand Book along 
the lines originally proposed and to keep within the limits of what 
is accepted as conservative engineering. He has also restricted the 
use of formulae and mathematics as far as possible, so as to make 
the text useful to the greatest number of co-laborers in this field. 

ALBERT B. HERRICK. 

RiDGEWOOD, N. J., 

Jan. I, 1906. 



SECTION I.-GENERAL TABLES. 



TABLES OF WEIGHTS AND MEASURES. 



MISASURES OF UENGTH. 









B 

I 




C8 

1 


1^ 


B 


«8' 

•g5 


llnoh 


1 

12 

86 

196 

7,930 

68,W 


.0688 
1 
8 

5,280 
15,840 
8.2e06 


.888 

1,760 
5,280 
1.0986 


.00505 

.0606 

.1818 

1 

40 

890 

960 

.1988 








.0%890 


IFoot 


.001515 

.000568 

.025 
1 
8 
24 

.004971 






.804801 


lYard 






.91440 


1 Rod, Pole or Perch 

1 FarloniT 


.008125 

.125 
1 
8 
.0006214 


.001041 
.0467 
.888 

1 


5.U29S 
201.16 


1 Statute Mile 


1609.8 


I League. 




1 French Meter 


89.87 











1 Mil equals one thousandth of an inch. 1 Palm equals three inches. 1 Hand 
equals four inches. 1 Span equals nine inches. 1 Military Pace equals 23^ feet. 
1 Fathom equals 6 feet. Geographical Mile fixed "bj U. S. at 6,060 feet, or 2,026 
yards. 1 Degree of great circle of the earth, 69.77 statute miles. 



SUBVBTOB'S MEASUBB.— MBASUKE OF SUBFACB. 





Inches 
in a 


Links 
in a 


Chains 
in a 


Furlongs 
in a 


Miles 
in a 


Inch 


1 

7.92 

792 

7,920 

68,860 


.1262 

1 

100 

1,000 

8,000 


.001262 
.01 

1 

10 
80 


.0001262 

.001 

.10 

1 
8 




Link 


.000125 


Chain (Gunther's) 

Furlonfir 


.0125 
.125 


Mile...:.::::::.::...;:: 


1 







- 10 Square Chains equal 1 Acre. 1 Acre equals a square whose side is 208.71 fast 
long or 09.57 yards long. A strip 1 chain wide runs 8 acres per mile. 
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SQUARE MB ASUBE— MEASURES OF SURFACE. 



Sa. 

Inches 

in a 



8q. 
Feet 
in a 



Sq. 
Yards 
in a 



Sq. Rods 

P. or P. 

in a 



Rods 
in a 



Acres 
in a 



M^es 
in a 



ISq. Inch... 
18q. Foot... 
ISq.Yard... 
1 Sq. Rod. Pole 
or Perch.. 

IRood 

1 Acre 

ISq.MUe... 



1 

144 

1,269 

89,204 
1,668,16() 
6,^2,640 



.006944 
1 
9 

227.25 

10,890 

43,560 

27,878,400 



.000771 
.11111 
1 

80.25 

1,210 

4,840 

8,097,600 



.0000255 
.0036^3 
.038059 

1 

40 

160 

102,400 



.0000918 
.000626 



.025 

1 
4 

2,560 



.0002066 



J25 



1 
640 



.0000097 
.00089 
.0016586 
1 



1 square inch equals 1.2782 circular inches. One circular inch is the area of a 
dicle one inch in diameter having 0.7854 square inches. A circular mil is the area 
of a circle one thousandth of an inch in diameter. 1,000,000 circular mils equals 
one circular inch; 1 square inch equals 1,273,289 circular mils. 



XNGLISH. 



rSElTOH. 



10.764 square feet ) 
1.196 square yards f 

1 square yard b 

1 square foot a 

.166 square inches b 

1 square inch 8 

.00166 square inches b « „^»».« ..^..^^.^.. 

1 square inch s 645.2 square milimeters. 

1 are 8 1 square decameter = 1076.41 square feet. 
1 hectare = 100 ares = 107,641 square feet, 2.4711 acres. 
1 iqaare killometer = .886109 square miles, 247.11 acres. 



1 square meter = 1 centiare, 

.886 square meter. 
.0929 square meter. 
1 square centimeter. 
6.452 square centimeters. 
1 square milimeter. 



SOIJD OR CUBIC MEASURE. 
Measure of Yolume. 





Cubic 
Inches in a 


Cubic 
Feet in a 


Cubic 
Yards in a 


CnMcInch 


1 

1,788 

49,666 


.0005r8 

1 

57 


.0000214 


Cubic Foot 


.087087 


Cubic Yard 


1 







1 Cord of Wood s a pile 4x4x8 feet s 128 cubic feet 1 Perch of Masonry 
a 16^ z 1^ X 1 foot s 24% cubic feet. 1 IT. S. standard bushel is a cylinder with 
a diameter of 1^ inches and 8 inches deep, containing 2150.42 cubic inches, 1.2445 
cubic feet. This is known as a struck bushel. A heaped bushel contains 1^ 
Struck bushels. The capacity of a cylinder in U. S. bushels = square of diameter 
in inctaea multiplied by height in inches and mnltiplied by .0003652. 
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IJQIJII) MSASUIIE. 





1 


i 


1 


1 


j 


1 


n 


j 


8 

I 


IGfll 


1 

4 

8 

82 

1,006 


J26 

1 
8 
8 

836 

604 

072 

1,006 


.125 
.50 
1 
4 
126 
168 
252 
886 
604 


.08125 

.126 

.26 

"^ 

68 
84 
126 


.000902 
.008068 
.007036 
.08174 

1 
IH 

2 










IPint 


.002976 
.006052 
.0288 
.75 

1 

'"% 

8 








IQuart 

IGallon 

IBarrel 


.008908 
.01687 
.60 
.6606 

1 

IH 

2 


.00297 
.0119 
.876 
.60 
.75 
1 

m 


.00106 

.007986 

.26 


ITierce,. 


.888 


1 Hogshead. 




.60 


1 PniK'b^'OTX , ."k........... . 




.0666 


IPipeorBatt , 




1 









The U. S. gallon containB 281 cubic inches; 7.4806 gallons s one cubic foot. ▲ 
cylinder 7 ins. in diameter and 6 ins. high contains one gallon or 830.9 cubic inches. 
The British Imperial gallon contains 277.274 cubic inches or 1 Ja0082 U. 8. gallons. 

The miners* inch yaries in different parts of the country— from a delivery of 1416 
to 1.78 cubic feet per minute— due to the yarsring heads of water above the centre of 
the aperture. The most prevalent method is the flow of water through a slot 2 ins. 
high, and whatever length required cut in a plank \}i, ins. thick. The lower edge 
of the slot should be 2 inches above the measuring box, and the plank extend 6 ins. 
high above the slot, making a 6 in. effective head. Each sq. inch of this slot dcliv 
en one miners' inch, and equal to about 1^ cubic feet of water per minute. 



BOARD AND TIMBEB MEASVBXL 



In measuring boards and timbers they are estimated in equivalent lumber 1 in. 
thick. To compute the number of feet board measure in a board or stick, multiply 
Its length in feet by its breadth in feet by its thickness in inches. 

To compute round timber wh<m all its dimensions are given in feet, find the mean 
girth and diameter and multiply them together and divide this by four and multi- 
ply by the length of the timber which gives the result in cubic feet. On square 
timber, when all dimensions are given in inches, divide by 1728 to get cubic feet; 
when two dimensions are given in inches, divide by 144 to get cubic feet; when one 
dlmanakm Ib givan in inches, divide by 12 to get cubic feet 
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CONTENTS IN FEET OF JOISTS, SCANTUNG AND TIMBER. 

LENGTH IN FBET. 



Size. 


18 


14 


16 


18 


20 


82 


24 


26 


28 


80 












BOABD MXASUVX. 








8x4 


8 


9 


11 


12 


13 


15 


16 


17 


19 


20 


8x« 


18 


14 


la 


18 


20 


22 


24 


86 


28 


80 


8x8 


16 


19 


21 


24 


27 


29 


82 


35 


87 


40 


8x10 


20 


23 


27 


80 


83 


87 


40 


43 


47 


50 


8x18 


24 


28 


88 


86 


40 


44 


48 


58 


66 


60 


8x14 


88 


S8 


87 


48 


47 


51 


56 


61 


C5 


70 


8x8 


84 


28 


82 


86 


40 


44 


48 


62 


66 


60 


8x10 


80 


85 


40 


45 


50 


55 


60 


63 


70 


75 


8x18 


86 


48 


4S 


54 


CO 


66 


72 


78 


84 


90 


8x14 


48 


49 


50 


63 


70 


77 


84 


91 


98 


106 


4x4 


16 


19 


21 


24 


27 


29 


82 


85 


87 


40 


4x6 


84 


28 


82 


86 


40 


44 


48 


52 


56 


60 


4x8 


82 


87 


43 


48 


53 


59 


64 


69 


75 


80 


4x10 


40 


47 


63 


60 


67 


78 


80 


87 


93 


100 


4x18 


43 


56 


64 


72 


80 


88 


96 


104 


112 


120 


4x14 


66 


65 


75 


84 


93 


103 


118 


121 


131 


140 


6x6 


86 


42 


4S 


54 


60 


66 


72 


78 


84 


00 


6x8 


48 


66 


64 


72 


80 


88 


96 


104 


112 


120 


6x10 


60 


70 


80 


CO 


100 


110 


120 


180 


140 


150 


6x18 


78 


84 


96 


108 


1:0 


1S2 


144 


156 


1G8 


180 


6x14 


84 


98 


112 


126 


140 


154 


168 


182 


196 


810 


8x8 


64 


76 


85 


96 


107 


117 


128 


189 


149 


160 


6x10 


80 


93 


107 


ISO 


133 


147 


160 


173 


187 


800 


8x18 


06 


112 


128 


144 


ICO 


176 


192 


208 


224 


840 


8x14 


118 


181 


149 


108 


187 


805 


824 


843 


261 


880 


10x10 


100 


117 


183 


150 


167 


183 


200 


217 


233 


250 


10x12 


ISO 


140 


ICO 


IfO 


200 


220 


240 


260 


2P0 


800 


10x14 


140 


1U3 


187 


210 


233 


257 


280 


808 


327 


860 


18x18 


144 


168 


192 


216 


240 


264 


8P8 


812 


836 


860 


13x14 


108 


196 


224 


252 


2F0 


808 


886 


804 


802 


420 


14x14 


106 


229 


261 


294 


827 


859 


898 


425 


457 


490 





MEASUBES 01 


' WEIGHTS. 






Grains 
ina 


Ounces 
ina 


Pounds 
ina 


Grammes 
ina 


Kilogrammes 


Grains... 


1 

487.6 

7000.00 

15.482 

15482.86 


.00828 
1 

16 
.08R27 
85.274 


.000148 
.0626 

1 
.00205 
2.2204 


.06479 
280)49 
458.59 

1 
1000 


.000064 


Ounces, adv 

Pounds, ad V 

Grammes 


.45359 
.001 


Kilogrammes 


1 



1 carat is 8.168 grains or .205 grammes. 1 stone is 14 lbs. 1 quintal is 100 ll)s. 1 
quarter is 28 lbs. 1 hundred weight is 112 lbs. There are twenty hundred-weight 
to one long ton or 2240 lbs. Net or short ton is 8000 lbs. Metric ton la 8804.6 Ibt. 
In ahipping, 100 cubic feet is equivalent to one registered ton. 
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MENSURATION. 



TABLE OF BBOmLAB POLYGONS. 



it 


Name of 
Polygon. 


Area s 

Side X Side 

multipUed 

by 


Radios of 
Circamacribed 
Circle = Siue 
multipUed by 


Kadins of 

Inscribed 

Circles bide 

multiplied 

by 


Interior 
Angle 

Between 
Sides. 


Angle at 
Center. 


10 

11 

13 


Triangle 

Square 

Pentagon 

Hexagon 

Heptagon 

Octagon 

Nonagon 

Decagon 

Undecagon 

Dodecagon 


.438018 
LOOuOOO 

1.730477 
3.588076 
8.688913 
4.838437 
6.181834 
7.694209 
9.865640 
11.196158 


.5778 

.7071 

.8507 

1.0000 

1.1534 
1.8066 
1.4610 
1.6180 
1.7747 
1.9619 


.3887 

.6 

.6883 

.866 
1.0888 
1.3071 
1.8787 
1.5888 
1.7038 
1.866 


60dc»c«. 

lOHd. .'!>?. 
130 ^hL^!^. 

18fi* <tr'K«. 

185 dou^, 
14(J cii ^-s. 
144 ii.r^. 
147 ,^ d^^gs. 
150 ttegs. 


IdOdegs 
90degt. 
73deg8. 
OOdegs. 
Mfdegs. 
45degs. 
40deg8. 



LINES AND AREAS OF PLANE SURFACES. 

Square.— Area s side x side. 

Side s area divided by side. 
Diagonal s 1.4143 x side. 




SQUARE. 



^£C7AHGL£, 



Bactangle.— Area = side x base. 

Base = area divided by side. 
Side = area divided by base. 
Diagonal = sq. root of (base x base) plus (side x side). 

Parallelogram.— Area = height x base. 

Height = area divided by base. 
Base = area divided by height. 



jM^r. 



PARALLELO&fiAM. 




S£JLJ 

TRIANGLE, 



Triangle.— Area » \i base x height. 

Base s 3 area divided by height 
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Angles 60 degB., flO degs., 60 degs.— Area s .488 x base x base. 

Base = 1.52 x aq. root of area. 
Height S.8C6X base. 

Angles 80 dega^ 00 dega., 90 degs.— Sides have the proportion of 

1:2: >/3:: 1:2:1.788. 

Angles 80 degs., 80 degs., 120 degs.— Sides have the proportion of 

l:l:i/3::l:l:1.782. 
Area = ^ x long side x long sideu 

Angles 45 dogs., 45 degs., JN) degs.— Sides have the proportion of 

1:1: >/2:: 1:1: 1.414. 



Angle 90 degs.— Hypothennse s sq. root of (base x base) plus (side x side). 
Side s sq. root of (hypoth. x hypoth.) miuuH (base x base). 
Base =s sq. root of (hypoth. x hypoth.) minus (Hide x side). 




cmcL£, 



Circle.— Circnmference &s 8.14169 x diameter. 
Area s 8.14159 x radius x radius. 

s .7854 X diameter x diameter. 
Diameter = circumference divided by 8.14159* 
ss sq. root of area x 1.12888. 

8.14159 = approximately ^ 
7 

.7864 =a approximately ^ • 
14 
(See table for areas and cironmferences of cbrcles.) 

Irregular Figure.— Area may be found by a planimeter, or the figure may be drawn 
on cross-section paper, and the number of squares and part 
squares included therein counted or estimated ; the number 
of squares x the area of each square equals the total area. 

8UBFACSS AND VOLUMES OF SOUDS. 

Cube.— Surface s 6 x one edge x one edge. 
Volume =s edge x edge x edge. 

Parallelopiped.— Is a solid ^ving six faces, all of which are parallelograms, and 
the pairs of which are parallel. Fig. 1. 

Prisms.— The opposite ends are parallel; equal and similar., Fig. 2. 

^^yUnders.— The opposite ends are equal, parallel circles, tK%. 8. " ' 
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FiuallQlopiped, Prim or Cyllnder.^Total BorfiMe s am of two endi |»his cticam- 

f eienoe of cmwi iwrtlan papendlciilar to 

aide x length of aide. 
Yoinme « am of one end («) x pvpandioii- 

lar diatanoe (A) between thia end mad the 

opposite end. 
Volume s areaof cioaaHMctionperpendlcDlar 

to the aidea X length of aide (1). 




Fio. 1. 



Mi 

FM. t 




cnmoeA. 



cruifUM. 



Fie. 8. 



8ph0ie.~Aiea of aarfaoe a 8.14150 x diameter x diameter, 
ss 6 X Tolome dirided by diameter. 
Volume a 4.1^8 x radins x radina x radina. 

s JS286 X diameter x diameter jc diameter. 



AB1SAS AND CIBCUMFERENCSS OF CIBOLM. 



Diameter, 


Circumference, 
Inches Feet. 


Area, 
Sq, inches Feet. 


Diameter. 


Inches. 


Feet. 


Inches. 


1-64 
1« 
8^ 
M6 

M8 

1-8 
^88 


.048087 
.008175 
.147262 
.106850 

.204624 
.802600 
.400874 
.fi80O4O 


.00018 
.00077 
.00178 
UXttOr 

.00600 
.01227 
.01017 
.0^1 




M 
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^itiBAa AND CIBCUMFEBJ&NCSS Or CIBCIiES.— Conttaued. 









Diameter, 


Diameter, 


Circnmference, 
Inches. feet. 


Ares. 
Sq. inches Feet. 




Inches. 


Feet. 


Inches. 


7-«i 
1-4 
94)2 
6-16 


.667228 
.785898 
.888578 
.961748 


.06758 
.04909 
.06218 
.07670 




8 






ll-«i 
8-8 

18-82 
7-16 


1.07992 

i.mio 

1.27687 
1.87445 


.09281 
.11045 
.12962 
.15088 




^ 




16« 
1-2 


1.47262 
1.57t«) 
1.66897 
1.76715 


.17257 
.19685 
.22166 
.24860 




6 


17-82 
9-16 






19-82 
5-8 
21-82 

11-16 


1.86682 
1.96850 
2.06167 
2.15964 


.27688 
.80680 
.88824 

4)7122 




7H 




284)2 

8-4 

25 82 
18-16 


2.26802 
2.85619 
2.45487 
2.56254 


.40574 
.44179 
.47987 
.51849 




9 






27^ 

7-8 


2.65072 
2.74889 
2.84707 
2.94524 
8.04842 


.65914 
.60182 
.64504 
.60029 
.78708 




lOM 


29-82 
15-16 
81-82 




1. 

1-16 
1-8 
8-16 
1-4 


8.14169 
8.38794 
8.58429 .. 
8.780C4 
8.92009 


.78540 
.88664 
.99402 
1.1075 
1.2272 


1 


8 


6-16 
8« 
7-16 
1-2 


4.12834 
4.81969 
4.51604 
4.71289 


1.8580 

1.4849 
1.6280 
1.7671 




6 


9-16 
5-8 • 
11-16 
84 


4.90674 
5.10509 
5.80144 
5.49n9 


1.9175 
2.0789 
2.2866 
2.4068 




9 


18-16 
7-8 
15-16 


6.69414 
5.^-9049 
6.06684 


2.5802 
2.7612 
2.9488 




lOM 


9. 

M6 
1-8 
8-16 
1-4 


6.28819 
6.47953 
6.6-^8 
6.87228 
7.06858 


8.1416 
8.84 «0 
8.5466 
8.7S68 
8.9761 




i» 

8 



ELECTRIC RAILWAY HAND BOOK. 



ARBAB AMD OIRCUMFBKKNCKS OF GIRGUSS.--Gouttiitt«>c:. 



Diameter, 


Circumference, 
Inches Feet. 


Area, 
Sq. Inchea Feet. 


Diameter. 


Inches. 


Feet, 


Inches. 


5-16 
8-8 
7-16 
1-8 


7.»*4'^ 
7.4Jlii8 
7.057 3 
7.8&388 


4.9000 

4.4801 
4.6664 

4.9087 




4K 
6 


9-16 

11-16 
84 


&06068 
a84668 
8.44806 
8.68BS8 


6.1672 
6.4119 
5.6727 
6.9806 




9. 


18-16 
7-8 
lfi-16 


8.8SG78 
9.(»W8 
9JB848 


6.9126 
6.4918 
6.77n 




10^ 


8. 

M6 
1-8 
8-16 
1-4 


9.42478 
9.62113 
9.81T48 
10.0138 
10Jei02 


7.0686 
7.8668 
7.6699 
7.9798 
8J9966 




IM 
8 


5-t6 
8-8 
7-16 


10.4066 

10.0029 
10.7999 
10.9966 


a6179 
8.9462 
9.2806 
9.6811 




• 


0-16 
6^ 
11-16 
84 


11.1919 
11.8888 
11.6846 
11.7810 


9.9678 
10.821 
10.680 
10.045 




9 


18-16 

7-8 
16-16 


wsfm 

12.8700 


11.416 
11.798 
12.177 




i(H 


4 

1-16 
1-8 
8-16 
1-4 


19.6664 

12.7627 
12.9691 
18.1564 
18.8518 


12.666 
12.968 
18.864 
18.778 
14.186 




8 


7-16 


18.6481 
18.7446 
18.9408 
14.1872 


14.607 
16.088 
16.466 
16.904 




4M 
6 


M6 

11-16 
84 


14.8886 

14.5299 
14.7268 
14.9226 


16.849 
16.800 
17.257 
17.781 




9 


18-16 
7-8 
16-16 


161189 
15.3158 
15.5116 


18.190 
18.066 
19.147 




low 


6. 

M6 
18 


16.70TO 
15.9044 
16.1007 


19.686 
20.129 
20.629 




IH 
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ABlBAS AND CIBOUBKFXUEUBNCISS OF CIBOXJBS.-Comtlna«d. 



Diameter, 


Circnmferenoe, 
Inches. Feet. 


Area, 
Sq. inches. Feet. 


Diameter. 


^ Inches. 


Feet. 


Inches. 


8-18 
1-4 


16.2970 
16.4984 


21.186 
21.648 


6 


8 


6-16 
8-8 ' 
7-16 
1-2 


16.6897 
16.8861 
17.0824 
17.2788 


82.166 
22.691 
23.221 
28.768 


5 
8 


4« 
6 


M6 
6-8 
11-16 
8-4 


17.4751 
17.6n5 
17.8678 
1&0642 


24.801 
24.860 
25.406 
26.907 


6 
6 


7V4 
9 


18-16 
7-8 
16-16 


18.2606 
18.4569 
18.6682 


26.686 
27.109 
87.688 


6 


1(^ 


8. 

1-8 

1-4 : 

8-8 

1-2 


18.8496 
19.2428 
19.6350 
20.0277 
20.4204 


28.274 
29.466 
80.680 
81.919 
1^.188 


6 
6 
6 
6 
6 




SI: 

7-8 


20.8181 
21.2068 
21.6984 


84.472 
85.786 
87.128 


6 
6 
6 


MM 


1-4 

8-8 
1-2 


21.9919 
22.3888 
22.7766 
23.1692 
23.5619 


88.486 
89.871 
41.282 
42.718 
44.179 


7 
7 
7 
7 

7 




64 
8-4 

7-8 


28.9646 
24.8478 
24.7400 


46.664 
47.178 
48.707 


7 
7 

7 




& 

1-8 

• 84 

1-2 


26.1827 
25.6254 
25.9181 
26.8106 
26.7086 


60.266 
61.849 
68.466 
66.088 
56.746 


8 
8 
8 
8 
8 




64 
84 

74 


27.0968 
27.4889 
2r.8816 


68.426 
60.182 
61.862 


8 
8 
8 


10« ' 


9. 

14 
1-4 

84 
1-2 


28.2748 
28.6670 
29.0607 
29.4624 
28.8461 


68.617 
66.897 
67.201 
69.029 
70.888 


9 
9 
9 
9 




g 


80.2378 
80.6806 
81.0232 


72.760 

74.662 
76.689 


9 

9 
9 
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AS1SA8 AMD CIBCUMFSBBNCIBS OF CIBG]:.£S.-€ontinaed. 



Diameter, 


Circumference, 
Inches. Feet. 


Ares. 
Bq. inches. Feet. 


Diameter. 


Inches. 


Feet. 


Inches. 


10. 

1-8 
1-4 
8^ 
1-8 


81.4169 
81.8066 
82.a018 
88.5040 
88.W07 


78.540 
80.616 
82.616 
84.641 
86Ji00 


10 
10 
10 
10 
10 




8-4 

7-8 


88.9294 
88.77in 
84.1648 


88.664 
90.768 
02.886 


10 
10 
10 




1-4 
8^ 


84.0675 
84.9602 
85.8429 
85.7866 
86.1268 


95.068 
97.206 
99.408 
101.68 
108.87 


11 
11 
11 
11 
11 




6-8 
8-4 
7-8 


86.5210 
86.0187 
87.8064 


106.14 
106-48 
110.75 


11 
11 
11 


-^ 


IS. 


87.6091 


118.10 


12 


lOH 



£ABTHS» OBES, STONBS AMD MISCBIXANBOUS. 

Weight, 
Katbbiax.. lbs. per 

cubic ft. 

Asbestos, starrj 192 

Asphalte 160 

Asphaltnm 87 

Belts, leather, per sq. ft., per ply thlclcness (18>16) 

Bitumen, red 72 

Bitumen, brown 52 

Borax 107 

Brick, best pressed 150 

Brick, common 1 12 

Brick, Are 140-150 

Brick, hard 125 

Brick, soft, inferior 100 

Brickwork, ordinary 112 

Brickwork, pressed brick 140 

Brickwork, coarse, inferior soft bricks 100 

Carbon .' 219 

Cement, hydraulic, ground loose, Bosendale 50-66 

Cement, hydraulic, ground loose, Louisville 50 

Cement, hydraulic, ground loose, Copley 54 

Cementl hydraulic, ground loose, Portland 95-108 

Chalk 95 

Chalk 174 

CUy 120 

Clar, with grayel 165 

Coal, anthracite, Pennsylvania 98 

Coal, anthracite, broken to any size, loose 52-66 

Coal, anthracite, broken, moderately shaken 56-60 

Coal, anthracite, broken* 40-48 on. ft. per ton. 
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EAKTH, ORES, STONKS, KTC-dontlnned. 

Weight 
Hatxbial. Ib0. per 

cubic ft. 

Coal, bitaminoas 84 

Coal, bituminous, broken to any eize, loose 47 ^% 

Coal, bituminous, broken, moderately shaken 5l-^ 

Coal, bituminous, broken, 4&-48 ca.yt. per ton. 

Coke, loose, of pood coal ' fS 

Concrete, dry, iaO-160, average lao 

Earth, common loam, dry, loose ^ 71^-60 

Sarth, common loam, dry, shaken 8S^-98 

Earth, common loam, dry. moderately rammed 90-100 

Earth, common loam, slightly moist, loose 70-76 

Earth, common loam, quite moist, loose 06-^ 

Earth, common loam, quite moist, shaken 75-90 

Earth, common loam, quite moist, moderately packed 90-100 

Earth, mnd dry, close 80-110 

Earth, mud wet, fluid 104-190 

Emery 260 

Flint ; 162 

Glass, window or flooring. ; 157 

Granite 160-180 

Graphite 137 

Gravel 109 

Grindstone 181 

Gutta-percha 61.1 

Ice at 82 degrees Fahrenheit 67.5 

Leather 60. 

Leather belts, per sq . ft., per ply thickness (IS 16) 

Lime,qnick, ground loose or In small lumps 53. 

Lime, quick, ground well shaken 64 . 

Lime, quick, ground thoroughly shaken 75. 

Lime, hydraulic 171 

Limestone 168 

Hagnesla carbonate IfH) 

Magnesium 109 

Marble, Dorset. Vermont lo5 

Marble, East Chester, New York 180 

Marble, North Bay, Wisconsin 175 

Marble, Italian, common 168 

Marble, Mill Creek, Illinois, drab 178 

Masonry, of granite or limestone, well dressed 166 

Masonry, of sandstone, well dressed 144 

Masonry, of mortar rubble, well scabbled 154 

Masonry, of mortar rubble, dry, well scabbled 188 

Mica 171-198 

Millstone 155 

Mortar, hardened \ 87-118 

Mad (see Earth). 

Paving Btone 15 1 

Pitch 72 

Plaster of Paris 141 

Plaster of Paris, ground loose 68 

Plaster of Paris, ground well shaken 64 

Plumbago 181 

Porcelain 140 

QoartE ir5 

({uartz, finely pulverized 90-119 
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EABTH, OB£S, STONES, ISTC-^ontinued. 

Weight 
KATXBLilM Ibi. pi r 

cubic ft. 

Kodin 09 

Botten Btone 124 

Babber 58 

Salt, coarse 43-7t) 

Salt, fine table 49 

Sand, perfectly dried, loose, usnallv 90-106 

Sand, naturally moist, loose, nsaally f ft lH> 

Sand, perfectly wet r llH-ldO 

Sandstone, baildine 151 

Sandstone, quarried and piled 86 

Sewer pipe 141 

Slate 10*-181 

Slate, pnrple 174 

Snow, rresii fallen 6-12 

Snow, compacted by rain 15-60 

Solpbar 1S5 

Tallow 56.6 

Tar, coal 6d 

Terra-cotta, solid 122 

Terra-^otia, hollow, 1^ in**, thick, including air spaces 65-80 

Terra-cotta, nollow, 12 x 18 ins. or larger on face 70 

Trap rock 187 

Trap rock, broken, in piles 107 

Turf or peat, dry, nupressed 20-60 

Wax, bees 60.5 

Lbs. per Tons per. 
Tensile Strensth* sq. in. (2000 lbs.) 

sq.ft. 

Brick, 40to 400 220 15.8 

Cement, hydraulic, Portland, pure, 7 days in water SCO 21. 6 

Cement, 6 months old 450 82.4 

Cement, 1 year old 550 89.6 

Common hydraulic cements ayerase 1-6 as much. The la8t,neat, 
adhere to brick and stone with from 15 to 50 lbs. when only 

1 month old 82 2.8 

At end of 1 year 8 times as much 96 6.9 

Concrete 180 13 

Glass. 2,600 to 9,000 6,750 414 

Glae holds wood together with from 800 to 800 550 80.6 

Granite I/OO 7i 

Outta-percha 8.500 252 

Leather belts, 1,600 to 5000. Good 8,000 216 

Marble, stronsr, white, Italy 1,034 74.5 

Marble, Champlain, varie^iated I,cfi6 120 

Marble. Glenn's Falls, N. Y., bik., 750 to 1034 892 (4.3 

Marble, Montgomery Co., Pa., pray ..'. 1,175 84.7 

Ma'ble,Montgomery Co., Pa., white 734 58 

Marble, liCe, Massachusetts, white 875 68 

Marble,Manchester, Vermont, 650 to 800 675 48.6 

Marble, Tennessee, variegated 1,084 74.5 

Mortar* common, 6 months old, 10 to 20 15 1.06 

FlMter Of Paris, well set 70 9 
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BABTH, ORES, STONB», ETC.— Continued. 

Lbs. per Tons per 

Tensile Strengrth. 8q. in. (3000 lbs.) 

Matxbial. Bq. ft. 

Eope, Manilla, beat 12,000 864 

Kope, hemp, best 15,000 1060 

Sandstone, Ohio «.... 106 7.66 

Sandntone, Picton, N. S 434 81.2 

handBtonc, Connecticut, red 500 43.6 

Slate, Lehigh : 2,476 178 

Slate, Peach bottom, 8,025 to 4,600 8,812 276 

Stone, Bansome's artificial 800 21.8 



Compressive Streng^tlu 



Lbs. per 
sq.ln. 



Brick 860^,100 

Brickwork, ordinary, cracks with „ 280-420 

Brickwork, f;ood in cement 420-660 

Brickwork, first rate in cement 700-070 

Cement, 7 days in water, Portland, neat 1,050-2,100 

Cement, 7 days in water, U. S. common, neat 210-420 

Concrete. Portland, sand and gravel or broken stone . . . 165-260 

Concrete, Portland, 6 months old 670-1,000 

Concrete, Port land, 12 months old 1,000-1,670 

Concrete, with common hydraulic cements about \\jq\ 
as much. 



Tons 
(2000 lbs.) 
per sq.ft. 

40-800 
90-80 
80-40 
60-70 



76-160 

15-30 

13-18 

48-73 

74-130 



Flagging, North River, N. Y. . 



13,400 



Glass, green crown and flint 18,000-82,000 

Granite, U.S 18,000-28,000 

Ice, pure, hard ' 290-900 

Ice, inferior 220-820 

Limestone, U.S 6,000-23,000 

Marble, Lee, Massachusetts 23,000 

Marble, Rutland, Vermont , 10,700 

Marble, Montgomery Co., Pa 10,000 

Marble, Colton, California 17,800 

Marble, Italian 12,100 

Mortar, 1 of lime, 3 of sand, 14^ months 118-186 

Plaster of Parip, 1 day 550 

Plaster of Paris, 4 months 1 ,980 



060 

1,800-3,800 
040-2,000 

21-64 
16-59 

480-1,660 

1,660 

770 

720 
1,280 

870 

8.8-9.7 

40 
148 



Rubble masonry, pood coursed is ^ of that of the stone 
of which it is built. The strength of common rub- 
ble is not much greater than its mortar. 



Sandstone, American , 6,000-13,000 

Sandstone, New York 10,000-43,000 

Slate 6,500-11,000 



Terra-ootta, eoil4, 1 1 • m m 1 1 m t ^ • • 



480-860 
1,000 



6,200^,0pQ 875-500. 
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METALS, 



Material. 



Walrtt, 
Cnbto 
Inoh«k 



Alnmlmim, bar ... . 
Aluminum, c i ->t .. . 
Aluminum, rolled , 
Antimony, caat ... . 



Biamafh, cast. 



Copper, bolts 

Copper, ca^t 

Copper, electrolytic. . 
Copper, loUed platoB. 



CtoM, castfpnre., 
Gold hammered. I 



Tron, cast. . ... 
Jron, malleab.'e . 
iron, Btractural. 
Iron, wrought .. 

Lead, cart 

Lead, pipe....... 

Lead, red 

Lead,roUed 



Mercury . 



Nickel 

Kiokel,caat. 



Platinum, b^mmerrd . 
Platinum, rolled 



Silver, cast, pnre . 
Silver, hammer d. 
Steel, cast, from.. 

Steel, caot, to 

Steel, plate 

Steel, rails 

Steel, rivet 

Steel, shaft. 

Steel, Btructual .. 



Tin 

Zinc, caat... 
Zinc, rolled., 



.OOST 
.OOitt 
,00711 

.ooas 

.814 

U)18 

.807 
.704 

.900 

.8(30 
.878 

jn« 

.411 

.414 
.834 
.41S 

.491 

.818 
.800 

.788 
.708 

.879 
.8fl0 
.284 
.884 
.884 
.8H4 
.884 
.884 

JM6 

JM8 
.860 



Lhs. per 
Cubic 
Foot, 



ins 

KU 
108 
104 

aor 

ftU 

648 
6fi6 
600 

1,S0| 
1,817 

4^) 
4A0 
4H0 
480 

711 
718 
6(i0 
718 

840 

548 
617 

1,871 
1,870 

6R4 
057 
400 
400 
400 
400 
400 
490 
480 



489 



V)tlmatn8tr««nfflh, Mm, 

\Kf S.^. iu. 



Ttm»tl«», 



98,000 

94.(H)0 
l.OUO 

8,900 

88.000 
80,(KU 



8U,0U0 
80,000 



90,000 
48,^00 
48,()(K) 
60,000 

9.ono 

1,060 



8,000 



66,000 
40,000 



7iK0(J0 
70.000 
60,000 
70,000 
64.000 
8A,000 
Ofi.OOO 

4,000 

a.'^BO 

9,000 



romnM>i»»lvv, 



rj (KM 



100,001) 

iir.oo 



*iooioua** 



100,000 



(Aooo 

7,860 



106,000 
960 (XN) 
180.000 
100,000 



15,600 



z6 
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AIXOYS. 



Material. 


Inches. 


Lbs. per 
Cnbic 
Foot. 


Ultimate Strength, Lbs. 
per Sq. In. 




Tensile. 


Compressive, 


AlnmlTinm Bronze, \}i per 
cent. Al 


.313 
.361 

.264 
.897 
.298 
.293 
.307 
.316 
.297 
.814 
.838 
.333 

.252 

.252 


541 
451 

456 
614 
506 
506 
530 
546 
514 
543 
576 
676 

436 
486 


25,000 
100,000 




Ahiminum Bronze, 11 per 
cent. Al 


180,000 


Babbitt MetalB 




Brass, sheet 


31,000 
18,000 
18,000 
86 000 
86,000 
28,500 
23,500 
22,000 
74,000 

81.700 
92,200 




Brass, cast, from 


50,000 


Brass, cast, to 


160,000 


Bronze, gun metal, from. . . 

Bronze, gun metal, to 

Bronze, ordinary, from 

Bronze, ordinary, to 

Bronze, phosphor, from. . . . 
Bronze, phosphor, to 

German Silver, from 

German Silver, to 























WXKES. 



Katerial. 



Pounds per 



Million cir. 
Mil. Ft. 



Cnbic Foot. 



Tensile Strength. 
Lbs. per circ. miU 



Aluminum, from . 

^ InmiTinTn^ to. . . . . 



Bi-Metallic (Copper Steel) .. . 

Brass, annealed 

Brass, hard 

Bronze, phosphor, annealed ., 

Bronze, phosphor, hard 

Bronze, silicon, from 

Bromse, silicon, to.. 

. Ck>pper, soft, from 

Copper, soft, to 

Copper, hard, from 

Copper, hard, to 



German Silver, from 

German Silver, to. . . .>. 

Gold, from 

Goid,to 

Iron, bright 

Iron, gal. line wire *• B. B.'\ . . 
Iron, gal. line wire ''S. B. B." 

Piano Wire, from 

Piano Wire, to 

Platinnm, annealed 

Steel, bright 

Steel, gal. line wire 

Silver, annealed. 



.919 
.919 

2.87 
2.86 
2.86 
3.14 
3.14 
8.04 
8.04 

8.027 
8.027 
3.027 
8.027 

2.88 
2.38 
6.60 
6.60 

2.65 
2.68 
2.68 



.167 

ler 

626 
624 
624 
676 
676 
668 



665 

655 
655 
665 

486 

486 

1,210 

1^0 

486 
482 



7.8 

2.67 
2.65 
&46 



490 
486 
684 



.0286 
^11 

.0511 

.0886 

.068 

.0485 

.118 

.044 

ais 

.025 
.080 
.0654 
UXS4 

.0643 
.0726 
.0195 
JXSA 

.068 
.046 
.0416 

J»6 
.0416 

.081 

.0515 

.0814 
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VI 



WOOD. 



Common Name. 



Weight per Cu. Ft. 



From To 



Apple 

A«h, Amer. White. 



Bamboo. 
Birch ... 



Cedar, Amer.. 

Cherry 

Chestnut 

CypresB 

Elm 



Fir. 



Hemlock 

Hickory, Amer. , 



Iron Wood, Black. . . . 
Lignum Vitae, Amer. 



Mahogany .. 

Maple 

Maple, Bird'f 

Oak, Live... 
Oak, White . 
Oak, Red.... 



Pine, White 

Pine, Yellow, Northern 

Pine, Yellow, Southern, Long Leaf 

Spruce 



Tamarack . 
Teak 



WalnutjBIack . 
White Wood . . . 
Willow 



46 
87 

19 
85 

81 
88 
29 
96 

84 

80 



40 



86 
86 



60 
48 
46 



80 
41 



41 
81 
91* 



49 
62 

26 

46 

47 
46 
41 
41 

49 

44 

26 
69 



88 



66 
49 



78 
64 
47 

84 
89 
61 

81 



61 
42 
'87' 



Lbs. 
Mean. 



47 
46 

22 

41 

89 
41 
86 
88 

41 

87 

24 

61 

81 



61 
42 



48 
46 

28 
86 
46 



61 

86 
26 
84 



Strength Lbc 
porsq.in. 



Tensile. 



12,700 
11,000 

6,000 
10,000 

7,000 



8700 
4,000 

4,000 

6,700 

6,800 
7,800 



7,800 

6.800 
6,700 



6,700 
6,7<»0 
6,700 

6700 
10,000 
12,600 

6,700 



10,000 
6.800 



8,700 



Com- 
piet. 
sive. 



4,400 

6,'806' 
4,000 



8,000 
4,000 

4,600 

8,600 

8.600 

6,800 



6,700 

6.000 
6,800 



6,000 
4.700 
4,700 

8,000 



6,700 
8,000 



8.000 
5,800 



8,000 



i8 
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LIQUIDS. 





Weight. 


Pounds per 


Material. 


Cubic Inch. 


Cubic Toot. 


U.S. 
Gallon. 


U. S. Bar- 
rel. 
(43.21 gal.) 


U.S.HogBi 

head 
(68galfl.) 


Add, mariatic 

Acid, nitric 


.0438 
.0439 
.0667 
.0285 
.0298 
.0835 
.0619 

.0458 

.0258 

.0837 
.0630 
.0348 
.0280 
.0816 
.0880 
.0612 
.0830 

.0859 

.0859 
.0860 
.0868 


74.8 
75.8 
115.2 
49.5 
60.9 
58.2 
55.5 

78.6 

44.8 

58.6 
57.8 
60.4 
48.6 
54.8 
57.8 
54.2 
67.8 

62.3 

62.86 

62.5 

64 


10.00 
10.18 
15.40 
6.62 
6.80 
7.78 
^42 

1.51 

5.99 

7.87 
7.66 

8.ar 

6.50 
7.88 
7.66 
7.25 
7.66 

8.88 

8.885 

8.35 

8.56 


432 
488 
665 
286 
294 
836 
821 

454 

259 

838 
331 
349 
281 
817 
331 
813 
331 

860 

860.2 

861 

870 


630 
C38 


Acid, salphnric 

Alcohol, pore 

Alcohol. te 

Alcohol, 50i 

Ammonia, 27.J^ 

Carbon, dlBulphide.. 

Xther, snlphiiric. . . . 

OlLlineeed 


970 

417 
429 
490 
467 

662 

877 

494 


Oil, olive 


488 


Oil, palm 


609 


Oil, petroleum 

Oil, petroleum 

Oil, rape 


409 

462 
488 


Oil, turpentine 

Oil, whale 


457 
488 


Tar 


525 


Water, standard . . 

Water, fresh 

Water, sea 


525.1 

526 

589 
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GASES. 





PROPERTIES OF SATURATED STEAM. 




g o 

H 


U 

< 


1 


Toial neat 
abuva 3:;^ F. 


".3 




SoQ 

1- 








89.74 
29.07 
89.56 


.089 
.122 
.176 


82. 

40. 
50. 


0. 
8. 

la 


1091.7 
1094.1 
1097.2 


1001.7 
1086.1 
1079.8 


206060. 
154330. 
107680. 


8888.8 
2472.2 
1724.1 


.00080 
.00040 
.00068 


89.40 
89.10 
88.90 


.254 
.859 
.602 


60. 
70. 
80. 


88.01 
88.02 
48.04 


1100.2 
1108.3 
1106.3 


1072.8 
1065.3 
1058.3 


76870. 
54660. 
89690. 


1828.4 
875.61 
686.80 


.00068 

.00116 
.00168 


88.51 
88.00 
87.88 . 


.602 
.948 
1. 


90. 
100. 
102.1 


68.06 
68.06 
70.09 


1109.4 
1112.4 
1118.1 


1051.8 
1044.4 
1043.0 


29290. 
21630. 
80628. 


460.80 
849.70 
884.88 


.00818 
.00868 
.00890 


85.85 
88.88 
81.78 


2. 
8. 
4. 


126.8 
141.6 
158.i 


94.44 
109.9 
121.4 


1180.5 
1125.1 
1128.6 


1028.0 
10 0.8 
1007.8 


10780. 
7825. 
6566. 


178.28 
117.98 
89.80 


.00677 
.00846 
.01112 


19.74 

. 17.70 

16.07 


5. 

6. 
7. 


162.8 
170.1 
176.9 


180.7 
188.6 
145.4 


1181.4 
1188.8 
1185.9 


1000.7 
995.2 
900.5 


4580. 
8816. 
8302. 


72.60 
61.10 
68.00 


.01878 
.01681 
.01867 


18.68 
11.60 
0.56 


8. 
9. 
10. 


182.9 
188.8 
193.2 


151.5 
156.9 
161.9 


1187.7 
1139.4 
1140.9 


966.8 
982.4 
979.0 


2912. 
2607. 
8361. 


46.60 
41.82 
87.80 


.02140 
.02391 
.08641 


7.58 
5.49 
8.45 
1.41 


11. 
12. 
18. 
14. 


197.8 
202.0 
806.0 
209.6 


166.5 
170.7 
174.7 
178.4 


1142.8 
1148.5 
1144.7 
1145.9 


975.8 
978.8 
970.0 
967.4 


8199. 
1990. 
1846. 
1721. 


84.61 
81.90 
89.68 
87.69 


.02869 
.03186 
.08881 
.08685 


Oftuge 
PresBurelbfl. 

1.8 
8.8 


14.7 

15. 
16. 
17. 


212. 

218.0 
216.8 
219.4 


180.9 

181.9 
185.8 
188.4 


1146.6 

1146.9 
1147.9 
1148.9 


965.7 

965.0 
962.7 
960.5 


1646. 

1614. 
1519. 
1434. 


86.86 

26.87 
84.83 
88.98 


.08794 

.08868 
.04110 
.04868 


8.8 
4.8 
6.8 


18. 
19. 
80. 


282.4 
825.2 
227.9 


191.4 
194.8 
197.0 


1149.8 
1160.6 
1151.5 


968.8 
956.8 
954.4 


1859. 
1292. 
1231. 


21.78 
20.70 
19.78 


.04598 
.04881 
.05070 


6.8 
7.8 


21. 
22. 
28. 


280.6 
238.0 
285.4 


199.7 
202.2 
804.7 


1152.2 
1158.0 

.7 


962.6 
950.8 
949.1 


1176. 
1126. 
1060. 


18.84 
18.03 
17.80 


.05306 
.06545 
.05768 


9.8 

10.8 
11.8 


24. 
26. 
86. 


287.8 
240.0 
242.2 


207.0 
209.3 
211.5 


1154.5 
1155.1 

.8 


947.4 
945.8 
944.3 


1088. 
998.4 
962.3 


16.62 
15.99 
15.48 


.06016 
.06268 
.06487 


18.8 
18.8 


27. 
28. 
29. 


244.8 
246.8 
848.8 


218.7 
215.7 
817.8 


1156.4 

1157.1 

.7 


942.8 
941.3 
989.9 


928.8 
897.6 


14.88 
14.88 
18.91 


.06721 
.06966 
.07188 
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VBOrKBTIBS or 8ATUBATISD STEAH.-Contimied 




*i 




1 


Total h^Ht 


11 a' 


y 
11 






1^ 


±3 


11 


«5 


15.8 
16.8 
17.8 


80. 
81. 
32. 


280.2 
252.1 
254.0 


219.7 
221.6 
228.5 


1158.8 

.8 

1159.4 


988.9 
937.2 
935.9 


841.8 
815.8 
791.8 


18.48 
13.07 
12.68 


.07420 
.07652 
.07884 


18.8 
19.8 

ao.8 


88. 
84. 
35. 


255.7 
257.5 
250.2 


225.8 

227.1 
228.8 


.9 
1160.5 
1161.0 


934.6 
933.4 
932.2 


769.2 
748.0 
727.9 


12..32 
11.98 
11.66 


.08116 
.06346 
.08676 


25.8 
80.3 
85.8 


40. 
45. 
50. 


267.1 
274.3 
280.9 


286.9 
214.3 
251.0 


1168.4 
1165.6 
1167.6 


926.5 
921.3 
916.6 


642.0 
574.7 
620.5 


10.28 
9.21 
8.34 


.09721 
.1066 
.1196 


40.8 
46.8 

60.8 


55. 
60. 
65. 


286.9 
292.5 
297.8 


267.2 
262.9 
268.8 


1169.4 
1171.2 
1172.8 


912.3 
908.2 
904.5 


475.9 
488.5 
406.6 


7.63 
7.03 
6.53 


.1811 

.1422 
.1588 


65.8 
80.8 
85.8 


70. 
75. 
80. 


802.7 
807.4 
811.8 


278.4 
278.2 
282.7 


1174.3 
1175.7 
1177.0 


900.9 
897.5 
894.3 


8798 
855.5 
831.5 


6.09 
6.71 
6.37 


.1648 
.1758 
.1862 


70.8 
75.8 
80.8 


85. 
90. 
95. 


816.0 
820.0 
828.9 


287.0 
291.2 
205.1 


1178.3 
1179.6 
1180.7 


891.3 
888.4 
885.6 


J5.9 
299.4 
284.6 


6.07 
4.81 
4.67 


.1971 
.2080 
.2188 


86.8 
90.8 
95.8 


100. 
105. 
110. 


827.6 
881.1 
884.5 


298.9 
802.6 
806.1 


1181.8 
1182.9 

1184.0 


882.9 
880.3 
877.9 


2n.i 

258.9 
247.8 


4.36 
4.16 
8.98 


.2296 
.2408 
.2510 


100.8 
105.3 
110.8 


115. 
120. 
125. 


887.8 
841.0 
844.1 


809.5 
812.8 
816.0 


1185.0 
1185.9 
1186.9 


875.5 
878.2 
870.9 


287.6 
228.3 
219.6 


8.83 
8.67 
8.58 


.2617 
.2724 
JSSdO 


115.8 
130.8 
125.8 


180. 
185. 
140. 


847.1 
850.0 
852.8 


819.1 
822.1 
825.0 


1187.8 
1188.7 
1189.5 


868.7 
866.6 
864.6 


211.6 
204.2 
197.3 


8.41 
8.29 
3.18 


.2986 
.3042 
.8147 


180.8 
135.3 
140.8 


145. 
150. 
155. 


855.5 
858.2 
860.7 


827.8 
880.6 
888.2 


1190.4 
1191.2 
1192.0 


862.6 
860.6 

85b.7 


190.9 
184.9 
179.2 


8.07 
2.98 
2.89 


.3258 
.3858 
.8468 


145.8 
150.3 
165.3 


160. 
165. 
170. 


868.8 
865.7 
868.2 


885.9 
888.4 
840.9 


1192.7 
1193.5 
1194.2 


866.9 
855.1 
858.3 


178.9 
169.0 
164.3 


2.80 
2.72 
2.65 


.8567 
.8671 
.8775 


160.8 
165.3 
170.8 


175. 
180. 
185. 


870.5 
872.8 
875.1 


848.4 
845.8 
846.1 


1194.9 
1195.7 
1196.8 


851.6 
849.9 
848.2 


169.8 
155.6 
151.6 


2.58 
2.M 
2.46 


.8879 
.8988 
.4087 


175.8 
180.3 
185.3 


190. 
195. 
200. 


877.8 
879.5 
881.6 


860.4 
852.7 
854.9 


1197.0 
1197.7 
1198.3 


846.6 
845.0 
843.4 


147.8 
144.2 
140.8 


2.39 
2.83 
2.27 


.4191 
.4296 
.4400 


190.8 
195.8 
200.3 


206. 
2i0. 
215. 


888.7 
8«5.7 
887.7 


857.1 
869.2 
861.3 


1199.0 
1199.6 
1200.2 


841.9 
840.4 
838.9 


187.5 
181.5 
181.5 


2.22 

2.17 
2.12 


.4608 
.4605 
.4707 
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PBOPBSTIBS OF AIB AT ONB ATMOSFHBBlBa 
ABSOI.UTB PBESSUBE. 



14.7 ZA8. 



Dry Air. 


Saturated Mixture of Air and Water Vapor. 


Temp. 
Fahr. 


Cu. Ft. 
per Lb. 


LbB.£ep 
Cu. Ft. 


Weight of 
Air, Lbfl. 


Weight of 
Vapor. Lba. 


Total 

Weight of 

Mixture, Lhi. 



18 
8S 


11.6 
11.0 
12.1 


.0664 
.0642 
SUSSA 


.0668 
.0640 
.0621 


- .000079 
.000180 
.000808 


.0664 
.0641 
.0688 


83 
48 
68 


18.4 
12.6 
18.0 


.0607 
.0791 
.0776 


.0603 
.0784 
.0766 


.000604 

.000440 
.000687 


.0606 
.0786 
.0778 


72 
88 


18.1 
18.4 
18.6 


.0761 
.0747 


.0747 
.0727 
.0706 


.000861 
.00123 
.00167 


.0786 
.0780 


98 
108 
118 


18.9 
14.1 
14.4 


.0720 
.0707 
.0694 


.0684 
.0669 
.0681 


.008S5 
.00800 
.00695 


XftW 
.0689 
.0670 


128 
188 V 
148 


14.6 
14.9 
16.1 


.0688 
.0671 
.0660 


.0699 
.0664 
U)684 


.00614 
.00664 
.00647 


.0660 
.0680 


168 
168 
178 


16.4 

15.7 
15.9 


.0649 
.0688 
.0628 


.0477 
.0428 
•0660 


.0107 
.0184 
.0167 


.0664 
.0587 
.0687 


188 
198 
208 


16.8 
16.4 
16.7 


.0618 
.0609 
.0600 


.0286 
.0205 
.0109 


.0806 
.0251 
.0806 


.0498 

.0466 
.0414 


218 
280 
250 


16.9 
17.4 
17.9 


.0691 
.0576 
.0660 


•0000 


.0866 


JOM 


276 
800 
886 


18.5 
19.2 
19.8 


.0540 
.0522 
.0606 








860 
876 
400 


20.4 

21. 

21.7 


.0490 
.0477 
.0461 








460 
600 
660 


22.9 
24.2 
26.0 


.0486 
.0418 
U)884 
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EQUIVALSlf TS OF SIZBS IN DECIBIAI. PABTS OF AN INCH. 



Size. 


^Decimal. 


Size. 


I>eciinal. 


Inches. 


Inches. 


Inches. 


Inches. 


1-16 


.0626 


10-64 


.20687 


6-64 


.07812 


6-16 


.8125 


8-82 


.00876 


21-64 


.82812 


7-64 


.10087 


11-82 


.84376 


1-^ 


.126 


28-64 


.86087 


0-64 


.14062 


8-8 


.876 


5-82 


.15616 


25-64 


.30062 


11-64 


.17187 


18-82 


.40625 


8-16 


.1875 


27-64 


.42187 


18-64 


.20812 


7-16 


.4376 


7-82 


.21876 


20-64 


.45312 


15-64 


.23487 


16-82 


.46875 


1-4 


.26 


81-64 


.48437 


17-64 


.26562 


1-2 


.50 


0-82 


.28126 







' Chart on page 18, shows a graphic illostration of the American, or Brown A 
Sharpe, and the Birmingham, Copper Wire Gauges, also the Twist Drill and Steel 
Wire Gange. 

STANDARD BIACUINE SCREWS* 



Num- 


Threads 


ber. 


per inch. 


2 


66 


8 


48 


4 


82. 36, 40 


6 


82, 86, 40 


6 


80,32 


7 


3(), 82 


8 


80, 32 





21, 80, 82 


10 


24, 30, 32 


18 


20,24 


14 


20, 24 


16 


16, 18, 20 


18 


16, 18 


20 


16, 18 


22 


16, 18 


24 


14, 16 


26 


14, 16 


28 


14, 16 


80 


14, 16 



Diameter 
of Body. 



.0042 
.0078 
.1106 
.1236 
.1368 
.1600 
.1631 
.1763 
.1804 
.2458 
.2421 
.2684 
.2047 
.8210 
.8474 
.3737 
.4000 
.4268 



Diameter of 
Flat Head. 


Diameter of 
Round 
Head. 


.1681 


.1544 


.1804 


.1786 


.2158 


.2028 


.2421 


.2270 


.2684 


.2512 


.2047 


.2754 


.8210 


.2036 


.8474 


.3238 


.8787 


.8480 


.4268 


.8022 


.4700 


.4864 


.5316 


.4866 


.5842 


.5248 


.6368 


.5600 


.6804 


.6106 


.7420 


.6522 


.7420 


.6088 


.7046 


.7864 


.8473 


.7770 



Diameter of 
Filister 
Head. 



.1382 
.1545 
.1747 
.1086 
.2175 
.2392 
.2610 
.2805 
.8035 
.8446 
.3885 
.4300 
.4710 
.5200 
.6657 
,6005 
.6425 
.6020 
.7240 



Lengths. 



From To 



8-16 
8-16 
3-16 
3-16 
8-16 



Lengths vary by 16ths from 8-16 to H, by 8ths from ^ to 1^, by 4ths from 1^ to 8 



\ '» 
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Size of Copper Wire, 
'U^^ 0123456789 10 12 14 18 18 20 22 24 2627 

«. ■ ' I ■ '.' ■ \ ' ' ■' I ' ■ ' . ■ . ' I '■ ' I 




T5dstl)rm.Sizes. 
Fie. aA«~ 
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Curves showing the cnrrent carryins: cajMicity of copper wire, both nibber 
covered and weather proof, as allowed by the National Board of Underwriters, are 
'tlso shown. Thene carves are plotted with the nombered size of the wire as 
• din tes, and the diameter in mills, the area in circnlar mils, and the current in 
imperes as abscissae. By means of the chart, the diameter, area in circnlar mils, 
and current carrying capacity of any given size of wire can be seen at a glance. 

The table on page 26, gives a number of electrical and mechanical units, and 
their conversion into terms of each other. Corresponding units, on oppoflte lidea 
of the diagonal line are reciprocals of each othef. 



THB BEI^ATIVB BBSISTANOE OF OONDUOTO^S. 



Material. 


Resistance 
in Ohms of 
a wire, 1 ft. 
long, 1 Mil 
in diam. 


Hesistance 
of a Rod 1 
sq. Mil in 
Section and 
1 ft. long. 


Tempera- 
ture 
Coefficients 
v(lxat) 


Authority 
for Temp. 
Coefficient 




a 




Silver, annealed 

Copper, '* 

Silver, hard drawn 

Goid, annealed 


9.65 
10.8 
10.48 
10.6 
ia28 
13.62 
18.78 
86.0 
66.C9 
68.21 
66.29 
74.88 
84.57 
126.0 
126.1 

147.6 
205.4 
280.2 
258.7 
419.0 
677.6 
648.6 
846.2 
6,784. 
87,920. 


7.58 

8.00 

8.23 

8.25 

10.48 

10.62 

14.71 

28.27 

44.53 

49.65 

52.06 

58.88 

66.42 

96.96 

99.04. 

115.98 
161.82 
180.80 
203.18 
829.06 
458.65 
505.48 
663.82 
628.89 
297.82 


.00877 
.00888 
.00377 
.00388 
.00866 
.00365 
.00390 
.00366 
.00247 
.00458 
.0007 


Riviere. 
Matthieseen. 
Riviere. 
Matthiessen. 

44 


Gold, hard drawn 

Aluminum, annealed.. . 

Platinum annealed 

Iron 


44 

Benoit. 

Matthtessen. 

Benoit. 


Alloy 2, Gold 1, Silver.. 
Nickel 


Matthiessen. 


Tin 


.00366 
.00044 
.00887 

.00081 
.00021 
.00889 

very small 
.00122 
.00687 

very small 
.00854 
.0009 
.00052 


Matthiessen. 


German Silver 


Mascart. 


Lead 


MatrthiemMm. 


Allov 1, Platinum 2. 
Silver 


41 


Platinoid 


4t 


A ntlmony, pressed 

Manganine A 


Helmholtz* 


Manganese, steel 

Mftrcury 


Fleming. 
Masciurt. 


MangHnine B. ..••>•••• . 


Helmholtz. 


Bismuth, pressed 

Graphite 


Matthiessen. 
Joubert* 


Arc Light Carbon 


44 



Determining^ Beslstance of Condnotors.— Column 1 gives the mil foot 
constants for the conductors ordinarily used. To find the resistance of any con> 
ductor of circnlar section, square its diameter in thousandths of an inch, and divide 
this into the constant given in column 1, and it will give the resistance of a con- 
ductor one foot long. Example— Let aluminufn wire 28 mils in diameter be given 
to find its resistance per ft : 23 squared gives 5.29 circular mils. The oonitant for an- 

18.78 



sealed aluminum is 18.78, therefore - 



629 



.0364 ohm per foot 
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For oondncton of rectangalar section reduce the area to square mils, which 

unit will have less resistance than the circular mil; by multiplying by the ratio of 

the area of the circle to its ciroumscribed square, .7854 will give square mil foot 

values, which are given in column 2. Example— Find the resistance of a bar of iron 

40 64 
i X 1)4 inch, 1000 x 500 = 500,000 square mils and '-^ = .0009 ohm per foot 

oUU,UUU 

Engineers, as a rule, use 10 as a rough working constant for copper per mil foot, 
and thus introduce a factor to cover temperature variations, low conductivity and 
poor connections in the copper conductor. The weight of a copper wire 1,00 
c. m. section and 1,000 feet long weighs 8 lbs. Therefore the weight of any bare 
copper conductor per 1,000 feet is equal to the circular mils divided by 1,000 and 
multiplied by 8; or may be obtained by multiplying circular mils by .008. 



GAI^TANIZED IRON WIBB TABUS FOB 6BADE B B. 



No. 
W^hbam ^ 


Din 


UMtt 
Ctr. 
Mils. 


Iron 
Frame 


Ohms, 
per foot 
(legal). 


Feot 


Founds 


Moen 


MUb. 


Safe 
Capftcity. 


per Ohm, 


Iier Foot. 


8N0.4A1N0.6 


434 


188,856 


200 


.000488 


2049 


.600 


2N0.4&1N0.6 














& 1 No. 6 


425 


180,625 


190 


.000504 


1984 


.4793 


4 No. 5 


414 


171,396 


180 


.000540 


1862 


.4640 


3N0.5&1N0.7 


400 


160,000 


170 


.000579 


1727 


.4236 


8 No. 4 


390 


152,100 


160 1 


.000607 


1647 


.4026 


4 No. 4 


390 


152,100 


150 


.000607 


1647 


.4026 


8 No. 6 


359 


128,881 


140 


.000720 


1389 


.3405 


2No.6AlNo. 4 


353 


124,609 


180 


.000742 


1848 


.8288 


8N0.6&IN0.5 


341 


116,281 


120 


.000798 


1261 


.8061 


2 No. 4 


818 


101.194 


110 


.000910 


1096 


.2684 


IN0.4&IN0.5 


806 


93,686 


100 


.000988 


1012 


.2477 


2 No. 6 


298 


85,849 


90 


.001060 


926 


.2270 


IN0.6&IN0. 6 


262 


79,524 


80 


.001167 


864 


.2106 


2 No. 6 


272 . 


73,984 


70 


.001265 


797 


.1946 


2 No. 7 


250 


62.500 


60 


.001480 


675 


.1662 


4 


225 


50.625 


55.6 


.001820 


649 


.1842 


6 


207 


42,849 


47.5 


.002160 


463 


.1135 


6 


192 


36,864 


84.8 


.002610 


398 


.0978 


7 


177 


31.829 


80.1 


.002960 


837 


.0681 


8 


162 


26,244 


26.6 


.003530 


283 


.0696 





148 


21,904 


28.2 


.004230 


236 


.0580 


10 


185 


18,225 


19.7 


.005080 


196 


.0483 


11 


120 


14,400 


16.2 


.006480 


158 


.0868 


12 


106 


11,026 


18.9 


.006400 


119 


.0298 


18 


92 


8,464 


11.6 


.010940 


01.4 


.0224 


14 


80 


6,400 


9.28 


.014470 


69.1 


.0109 


15 


72 


5,184 


6.96 


.017860 


«6.0 


.0138 


16 


68 


8,969 


5.8 


.088880 


42.8 


.0110 


17 


54 


2,916 


4.29 


.081760 


81.4 


.00668 
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RESISTANCE OF INSUIJtTOBS AND THEIB SPECIFIC 
CAPACITY. 



Insulation Besistance 
in Megohms 
per Cubic 
Material. Centimetre. 

Benzine 14 x 10* 

Distiiled Water 7 

Ebonite 28.000 xl0« 

Olass, Flint 20 000 z 10* 

Glass, Ordinary ' 91 x 10* 

Gntta Perclia 450 z 10* 

Ice 2240 

Mica 84x10* 

Mlcanite 2490 x 10* 

Micanite Cloth 310 x 10* 

Micanite Paper 1240x10* 

Oiled Asbestos 850x10* 

Olive Oil 1 X 10* 

Paper, Parchment 03x10* 

Paper, Ordinary 0485x10* 

Parafflne 84,000x10* 

Sea Water 80 ohms. 

Shellac 9000x10* 

Walnut Wood 53x10* 

Wood Tar 1670x10* 

White Vulc. Fibre 14x10* 



Temnerature. 


Specific 
Inductive 
Capacity. 


46 Cent. 
20 *• 
20 - 
24 *• 


2.20 
83 80 
2.56 
6 72 
5.83 
4.20 


26 Cent 


6!66 


80 Cent! 


.... 


26 Cent 
20 ♦* 
46 *' 


4.78 
V.96 


28 Cent. 


2.74 




• ..* 




• ••• 



SECTION II —TESTING. 



ELECTRICAL UNITS. 

If the two terminals of 8 sonrce of electrical energy, snch as a battery, dyna- 
mo, etc., be joined by a copper wire or other cohdacting path a current of elec- 
tricity will flow through the completed circuit thus formed. The current manifests 
itself by causing neighboring compass needles to deflect from their natural posi- 
tion, by heating the wire, by the appearance of a spark if the wire is broken, by 
chemical action in an electrolytic cell placed in the circuit, etc. Fig. 4 shows a 
circuit containing a primary cell and an electrolytic cell. 

The Ainpere.->The current flowing in the circuit may be determined hy 
cutting the wire and connecting the severed ends to two silver plates immersed Jn 




Cff^cmr 
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BATTEHT 

iViQ, 4. 

a nitrate of silver solution. It will then be found that the current In flowing 
through this solution carries with it silver from the positive to the negative plate, 
and if the battery gives a steady current the weight of silver carried over will be 
proportionate to the time that the current is passing through this solution. If for 
each second of time it is found that 0.001118 grammes of silver are carried over, 
then the flow of current will be one am/ere; or the total grammes weight of silver 
divided by the seconds during which the current was flowing through the solution, 
divided by 0.001118 will give the total number of amperes flowing through the 
circuit during the test. 

This is the way in which the unit of current flow, the ampere, was given a 
definite value. There are many refinements necessary to carry out the above test 
in order to obtain reliable results. This method is the one used to determine the 
trne yalue of the ampere, but it is not useful for practical work. 
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Tlie Ohm. — ^If there is added to the above circuit. Fig. 5, a much longer wire 
of the same size, and the test repeated allowing the cnrrent to flow through the sil- 
ver solution from one plate to the other for the same length of time,- it will be 
found that the current has not carried as much silver across as in the first experi- 
ment, showing that the lengthening of the circuit has diminished the current flow. 
This was caused by the added conductor offering resistance to the current. This 
is a property of all electrical conductors and is measured by a unit called the ohm. 
If the circuit had been made of No. 80 wire, Brown A Sharpe gauge, and was ft. 
9 ins. long, then the copper circuit would have been nearly one ohm in resistance. 

The standard for the ohm is the resistance of a column of mercury lOdS cen- 
timeters long (41.8503 Ins.) of uniform cross-section, and weighing 14.4621 grammes 
(.6006 ozs.) at the temperature of melting ice. This isknownasthe^'Intenia- 




Fie 5. 



tional Ohm "or*' True Ohm.*' There are two other older standards, known aq 
the British Associations and the Legal respectively, whose relation to the Inter- 
national ohm is shown in the following table. 



International. 


B. A. 




Lboai. 


1. 


1.0186 


es 


1.0028 


.9866 


1. 


=: 


.9889 


.9977 


1.0112 


= 


1. 



The Tolt.— Electrical pressure is required to force the current through the 
wire and the silver solution. Electrical pressure can be opposed by an equal elec- 
trical pressure, and there will then be no current flow in the circuit which contains 
the opposing electrical pressure, just as a water pressure can be acted against by 
an equal pressure of water, when no water will flow. 

Fig. 5 shows how these pressures may be equalized electrically. A standard 
battery of one volt is connected In series with a delicate current indicator, known 
as a galvanometer; the ends of this circuit are connected to the end of the ^%, feet 
of copper wire, as shown in Fig. 6, so that the electrical pressure of the standard 
battery circuit opposses the fall of pressure in the main circuit. Then when the 
loss in volts, or electromotive force, in the main circuit is equal to one volt, which 
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It the vressare of the standard battery, no current will flow through the galyano* 
meter circuit Since the circuit meaBures one ohm, there must have been one am- 
pere flowing through it to produce the loss of pressure of one volt. The unit of 
this pressure is known as the volt. The value of the volt is a little less than the e. 
m. f. of an ordinary gravity cell. It has been proved that if an e. m. f . of 1 volt 
acts on a circuit of 1 ohm a current of 1 ampere will flow. The ampere being flxed 
as that current which will deposit 0.001118 grammes of silver per second the volt, 
therefore, depends upon the value of the ohm and we have International, B. A. and 
Legal volts which bear the same relation to each other as the corresponding ohms. 
The practical standard for e. m. f . is the Clark cell made according to speci- 
llcationB drawn up by the Electrical Congress of 1808. I'he cell consists essen- 
tiaUy of pure zinc in zinc sulphate and pure mercury in contact with mercnroaa 
B the e. su f. at 16« C being 1.442 International volts. ' 



OHBTS ULW. 

Ohm discovered that the current varied directly as the pressure and inversely 
at the resistance. If we measure these quantities in practical units, u #., in am- 
peres, volts and ohms, the relation given above that the action of 1 volt on 1 ohm 
Iffodnoes 1 ampere gives ns the law : 

^jr^X - Electromotive Force 
Resistance 
Thli Is known as OhmHi Law and is generally written C^S^. Ftom. this lek^ 

tion, if we liave any two of the quantities given, the third is readily found. 

This is accomplished graphically in Fig. 6. There volts are given on the 
vertical lines and amperes on the horizontal lines; the radial lines giving the 
ohms. In any circuit where the amperes and volts are known, if we trace these 
two values on their Kspective scales to their intersection, this intersection will 
occur at the radial line which is marked in ohms. In a circuit for exam- 
ple, with 8 volts and S amperes, we will find the intersection on the radial 
line marked 4 ohms, which is the answer. Supposing that we had a circuit of 2 
ohms resistance and 6 volts potential, then follow the radial line down until It 
intersects the 6 volts horizontal line and also the vertical line for 8 amperes, 
which is the answer required. In the same way, when ohms and amperes are 
given in a circuit, the intersection of these values will fall on the volt line 
required. 

As in railway work 600 volts is the voltage commonly used, a scale, (see Fig. 
IX te 8S0 to 660 volts, and to 120 amperes is also given. 



METHODS OF CALIBRATION. 

GalTanometer8.->The galvanometer is used in insulation and cable tests 
and in connection with the bridge method as a current indicator, also to make 
potential and current measurements. It is easily affected by external magnetism. 
It consists in general of a small permanent magnet suspended by a silk fibre, or 
moontod on a concave Jewel having a needle point to support it The suspen- 
sion should be such that only a very slight effort is required to turn the needle. 
This needle is free to rotate in a spool around which are wound many turns of 
fine wire. A pointer, usually made of aluminum, is attached to the needle to 
magnify the amount of defiection. The zero position of this pointer may be fixed 
tj the esrth*s magnetism, but is often controlled by a local permanent magnet. 



ELECTRIC RAILWA Y HANJ?. BOOK. 



33 



The current flowing throagh the coils tends to canse a deflection, the magnetizing 
effect of these coils being at right angles to the susi^nded magnetio needle. The 
cnrrents producing the deflections are related to each other as the tangent of the 
angles of deflection; if the needle is short and placed at the center of a circular 
coil the galvanometer is then called a tangent galvanometer. 

In the Thomson reflecting galvanometer the readings are taken by means of a 
beam of light reflected from a mirror on the back of which is secured the mag- 
netic system. When this beam of reflected light is read on a scale at right angles 
to the beam of light before reflection, the readings on the scale of the deflected 
beam are practically directly proportional to the cnrrents deflecting the mirror. 

EUBCTROMOTIYE FORCE. 

IS* IE. F. Direct Method.— To set up a galvanometer to read Yolts direct 
there is required a variable resistance-box, ^, in series with a standard battery, B^ 
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a proportional coil, C, a double-throw switch, Dy and key, K, The connections 
are made as in Fig. 8. 

First such resistance is inserted by box, A^ with the standard battery (if a 
Clark cell is used as that standard) that it will give a permanent deflection of 144.2 
divisions. Then this setting up gives for each division y^g of a volt; throwing 
the switch so as to connect in ^^ of the total voltage across the proportional coil, 
the galvanometer will read the main potential in 1 volt i)er division. 

A voltmeter to be standardized should be connected across the mains at X' K 
The proportional coil is generally made of No. 82 resistance wire with a low tem- 
perature coefllcient, preferably platinoid. With 50 ohms per volt to be measured 
a proportion of 1:100 is usually used for potentials up to 150 volts, 1:500 for rail- 
way work. For reading potentials lower than the standard cell the connections 
aiecbangedas in Fig. 9. The standard battery \a in this case connected across 
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the proportional coils, and the resistance changed In series with the galvanometer 
until deflections (142.2) are again obtained ; then each deflection is ^^yilnji of a volt if a 
proportion of 1:100 is obtained from the proportional coil. The galvanometer can 
then be thrown over to the potential to be compared and read direct in xoivo of & 
volt per scale division. 

Potentiometer Method. — Where a constant potential is to be maintained 
during a test, the potentiometer method is more convenient. This requires a stand- 
ard battery, a galvanometer, a variable resistence of a uniform wire of such a size 
that it will not be heated by the current passed through it; a porticn of this wire is 
provided with a sliding contact over a scale which is divided into a thousand 
divisions for this length. This apparatus is connected up as shown in Fig. 10, 
the standard battery opposing the drop of potential along the potentiometer wire. 
The contact, JF, on this wire is slid along until a pcint is determined at which the 
galvanometer shows no deflection. Then the reading on the scale will be where 
the drop is 1.442 volts, or the e. m. f. of the standard celL Then the scale length 
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is to the total length of wire, as 1.442 is to A", or the terminal voltage to be meas- 
ured. Say the scale read 2 and the total length of wire was 100, then 2 : 100 : : 1.442 
: A", or = 72.1 volts. The scale can be calibrated in volts direct if the same 
standard potential is used for all tests. 

As the Clark cell is easily injured by an excess of current it is important that 
a resistance of, say, 10,000 ohms be inserted in series with it. This will prevent 
its being short circuited through the low resistance of the potentiometer wire 
when the counteracting force of the e. m. f . under investigation has been removed, 
and the battery will not be short-circuited by the slide wire. This resistance will 
have practically no effect on the accuracy of the readings as there is no current 
flowing when balance is obtained. 
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Current.— To read amperes by galvanometer deflections the requircmentB 
are a shnnt of known resistance, a standard battery, a double-throw switch and 
a variable resistance. The connections are made as shown in Fig. 11. The gal- 
vanometer is first brought bacic to zero by raising or lowering the cnrrent through 
shunt, r. If this shunt was .01 of an ohm and a standard Clark cell is used, the 
battery's i)otential being opposed to the drop of potential in the shunt, and if 
with the double-throw switch at A^ the galvanometer shows no deflection, there are 
144.2 amperes flowing through the shunt. If this current is held steady, the switch 
thrown to position, B^ and suiflcient resistance is added to give 144.2 deflections, 
then each division is equal to;i ampere passing through the shunt By putting an 
ammeter in the circuit it can be calibrated throughout its scale. 

By shunts of higher or lower resistance any desired range can be secored. .1 
ohm for 15 amperes, .01 ohm for 155 amperes, .001 ohm for 1,500 amperes and .0001 
for 15,000 amperes give all the required ranges for checking up meters on a switch- 
board. The ahunt can be arranged with terminals so as to ping into the switch 




Fig. 10. 



jaws when the switch is open. The galvanometer can be located at any conven- 
ient part of the building, wires leading to it from the shunt at the switchboard. If 
the test drop wires are connected together on the gallery and form part of the cir- 
cuit between the shunt and galvanometer after the proper setting up has been 
obtained for the galvanometer to read amperes from that shunt the shunt can be 
removed to the gallery and the drop points connected to the ends of the pressure 
wire, and the pressure wire connected together where they took the pressure from 
the shunt in the testing room. 

In any shunt the connection for the pressure or galvanometer wire should be 
wen within the contacts that carry the main current to the shunt, and should 
never be connected to the same contact, for then the contact resistance maybe 
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Included In the shnnt resistance, and accurate or constant results will be difficult 
to obtain. 

In calibrathig ammeters In regular use it is best to find the average load read- 
ing, and have a single stroke bell on the gallery, the man in the testing room 
giving one stroke of the bell by a push button located at his hand when the 
current attains the agreed reading in amperes. The gallery attendant then will 
note the reading of the ammeter. By repeating this a few times and averaging, 
the error of the instrument at that point can be readily discovered. 

There may be a leakage which should be removed before calibration. This is 
detected by first connecting to the live jaw of the switch, and noting if there is any 
permanent deflection of the galvanometer. If there is, it may be due to leakage 
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of test lines or Instrument; these should be discovered and insulated before pro- 
ceeding with the check measurements. 

There is often considerable magnetic disturbance around a station by which 
13ie galvanometer will be influenced. This can be opposed by surrounding the 
galvanometer with two cylinders of % in. sheet iron separated in the middle so as 
not to interfere with the ray of light; two short sections of wrought iron pipe are 
still better. In a d'Arsonval galvanometer the magnet Is stationary and the coil 
revolves. Thus the coil turns in a strong field and is not so much affected by 
changes In the magnetic condition of the surrounding space. 
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PRACTICAL ELECTRICAL MEASUREMENTS. 

Resistance Measarements.— Where it is required to compare the resistance 
of a conductor with a standard, such as field or armature windings, the simplest 
way is to connect the resistance to be adjusted in series with a standard resist- 
ance; then on passing the same current through both resistances thej have the 
same value when the difference of potential is the same on both. This simple 
method is diagramatically shown in Fig. 12. 

Where the drop wires are lead out to a double-throw switch, so that the press- 
ure on both coils can be compared quicklj bj throwing the switch from one side 








Fro. 13. 



T£ST ^ino rsMMnmC 



Fie. 18. 



te the other, there should be snlficiBnt current sent through the field coils to cause 
the voltmeter employed to read to nearly full scale In order to magnify any small 
differences in resistance that may exist between the standard and the coll tested. 
Care must also be taken that the pressure leads are distinct from the contacts 
through which the current is carried into the fields. 

A special connection is shown in Fig. 13 for this test, for fields, for clamping 
the ear projecting from the field coil, the two sides of the clamp being Insulated; 
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to one the current lead is attached, and to the other the lead ftom the voltmeter 
used in comparing. 

Tt can be readily seen that in Fig. 14 the testing current is measured; then, 
with the drop in volts known, the volts across the coil divided by the current flow- 
ing through it will give the resistance directly in ohms. 

In railway work a constant source of potential is not usually convenient, and 
under varying conditions of voltage it is tedlQUS to get reliable results. For 
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this c&se a method of finding the valno of an unknown resiBtance In terms of tho 
standard is shown in Fig. 15. Here the drop from both the standard resistance 
and the unknown resjustance act against each other in their efTort to tarn a ma^* 
netic system ; consequently the deflection of the magnetic system will only be the 
resultant of these two forces. If a diHorcntial voltmeter is used and connected as 
shown in Fig. 15, the deflection of the instrument will be due to the differences in 
potential drop in the two resistances compared; from these deflections the diifer- 
.^nces that exist between the two resistances can be determined directly, the current 
variation due to changing line Toltage averaging out. 

The Thompson method, the connections for which are shown In Fig. 16, is an 
improvement over the differential method, and is especially useful for the com- 
parison of low resistances. It requires a standard resistance A B^9k galvanometer 

H, and four equal resistances or having the ratio -r^. The function of these resist- 
ances, which need not be greater than 10 ohms, is to reduce the flow of current 
through XhQ circuit leading to the galvanometer, so that all contact resistances cUn 
be neglected. . In a conductivity bridge made for measuring copper only, A B can 




Fig. 16. 

beef copper wire, which can be made interchangeable, so that a wire of fixed 
length and standard gauge can be compared against a wire of similar dimcnsiona 
whose conductivity is to be measured. The temperature of the standard and the 
wire under measurement must be the same. If the wire to be measured is strung 
by the side of the standard, it wDI shortly assume the same temperature; or a 
more expeditious way is to pass a current through both the standard and wire 
under measurement to heat them, the measurements being made while their tem- 
perature is falling. If the length of the standard be divided by the length of the 
wire under test when a balance is obtained on the bridge, the result will be the 
conductivity in terms of the standard. If the standard is 100 units long, then the 
reading of the point of balance on the scale for the wire under test w^Ul be its con- 
dactivity in direct terms of its length. 

The resistance of a wire depends on its sectional area, and the average squaies 
of the diameters should be taken in conductivity measurements. Weighing the 
standard length and dividing this weight by its length in feet and also by the 
weight of one mil foot of this conductor, will give the true average section, and 
this is the method most generally employed. 

There should be a very low resistance between the points of contact with the 
standard resistance and the rod under measurement This is often not convcn* 
lent to obtain. If the fall of potential along the standard be brought to one pair 
of terminals of a differential galvanometer or differential milil-voltmetcr ^d the 
pbtentiallines from the resistance to be measured, this allows of consirlcrable 
resistance In the circuit between the standard and the resistance to be measured. 
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For appiQzimatioiui of oonductiYlty In commercial work, and where a gal- 
yanometer is not at hand, a considerable length of wire may be measnred off; 
then, by increasing the current flow, the resistance can be measnred by the volt- 
meter and ammeter method, as described in the field resistance teats. With in- 
sulated wire, it is best to submerge the wire in water in order to determine the 
temperature of the copper ; the current should be applied for as short periods as 
is possible in order to obtain reliable readings, as otherwise the heating efEect will 
reduce the conductivity of the wire. 

For temperature coefficients, and standard resistances see nnder *^Line: Prop- 
erties of Conductors." 

Wbeatstone Bridg«..«The Wheatstone bridge primarily consists of a 
zheoetat having two parallel circnits, one of which can be varied by cutting In 



-I'M'I'k 




^a£9ISTAMCe 



Fio. 17. 



Jmown resistances, while in the other parallel circuit is placed the resistance to be 
measured. If the current flow is the same through both branches of these parallel 
circuits, the resistance in the rheostat is equal to the unknown resistance under 
measurement. When on the parallel circuits equal potential points are joined by 
means of a galvanometer (see Fig. 17), then, when the galvanometer shows no 
deflection, the sections of the two paths have the proportion, AiCi'.BxX. It A' 
is the unknown reolstance to be measured, Ccan be varied— if A and B are equal 
—until the prJvanomoter, //, reads zero; then the cuxrent is equally divided between 
the two branches, and the resistance at Cis equal to that at ^.. A and B need 
not, however, be equal, but can be made of any known ratio; the same ratio will 
then exist between Cand ^when the bridge is balanced. If A is 10 and B 1000, 
then the resistance of C should be multiplied by their ratio, /. e. 100, in order to 
get the value of JC. If ^ is largo the value of A Is made greater than B so that C 
may be able to balance JT. The reliability of the bridge method is within the 
range of H of an ohm and 10,000 ohms. In the cases of low resistances the contact 
nesistance where the resistance to be measured Is connected to the bridge is also 
P9a9imd, cansiiig a large element of error with low resistances. The coneiU \m 
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80 small fhat a galvanometer of high sensibility has to be used in order to determ- 
ine these values with high resistances. 

Insulation Besistance.— For testing high resistances an arrangement sim- 
ilar to that shown in Fig. 18 is found to be very satisfactory. The connections 
are there made for testing the insulation resistance of a cable. A known length 
of the cable is placed in a tank of water, and the resistance measured between the 
conductor of the cable and the water. About 100 cells of battery are necessary, 
and the unknown resistance is compared with a standard megohm by means of a 
Thomson galvanometer. The deflection made by closing the key, A", when the 
double-throw switch is in the position shown by the solid lines, may be called A ; 
and By that obtained with the switch thrown to the position of the dotted lines. 
Then d. ^ 1.000,000 ^ ^^ ^^ loBulation resistance sought. 
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Fig. 18. 



When the unknown resistance differs greatly from one megohm it will be 
found necessary to use a shunt with the galvanometer in order that the two read- 
ings, A and B^ may be on a convenient part of the scale. The shunting ratio 
should be inserted in the above formulae. 



INSUI.ATIOK TEST BT VOIiTlIETSB METHOD. 

There are required a voltmeter, V^ of known internal resistance, Fig. 19, and 
a iource of constant potential such as M, One method is to first determine the 
voltmeter constant, which is obtained by multiplying the voltmeter resistance by 
the initial voltage used in measuring the resistance. If we open switch, K^ throw- 
ing in series with the voltmeter, the unknown resistance, R^ the total electromo- 
tive force wUl be divided between the voltmeter and external resistance In the 
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ratio these two lesietanoes bear to each other. Another reading will now be ob- 
served on the voltmeter. If this reading in volts be divided into the constant for 
the voltmeter, and the resistance of the voltmeter be subtracted from this 
quotient, it will give the Yalne in ohms of the unknown resistance, J?. Thus: 




Fke. 19. 

_ -_ Voltmeterresistancex Initial voltage ^ .^_ ^ 

Unta<nn>H«. o y^j.,,^ ,.^„^ ».. 1. to Kd.. -▼"to'*""* 

Or the following formula may be employed : 
UnkiMWnm. = ««. of Toltm. X [ yolt. irfte/^^J[^ b to .erte. " "3 
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In using the voltmeter for testing for grounds, it should be connected up as in 
Fig. 20 after the initial voltage of the circuit is known. It is necessary in this 
case to test both sides of the circuit to ground, for if there is a ground on the 
positive side, and the positive side is connected to ground, there will be a small or 
no deflection, depending upon the difference of potential between the ground and 
the point of testing; whereas between the negative and ground nearly initial 
potential will exist, showing a nearly dead ground on the positive side of the 
system. 

If indications show voltage to ground higher than the initial voltage at that 
point, the formula does not apply; it indicates that the ground is either nearer the 
point of generation than the point of test, or an interference with ofter eyftema. 
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DIRECT READING TESTING INSTRUMENTS. 

The Weston Instmments.— This type of instrnment, largely used in rail 
way work, consists primarily of a liglit rectangular frame, B (Fig. 21), pivoted at 
the center of its long axis; around this frame is wound a number of turns of fine 
wire. This frame can rotate in a concentric circular space, through which passes 
a permanent magnetic field, and is kept in one position by the differential action 
of two spiral springs, C C, which also carry the current into it. When a current 
flows through the coil it tends to deflect a pointer, Z>, which is attached to this 
frame. 

This instrument can be calibrated so as to give a scale proportional to the differ- 
ent currents flowing through the coil. If a voltmeter, it is connected acrocs the 
leads of which the potential is required; and in series with the leads if an ammeter. 
(See Fig. 22 for the proper connections of voltmeter and ammeter.) A Weston 




portable voltmeter for 500 volts has approximately 65,000 ohmB resistance, and 
requires about .008 of an ampere for full scale deflection or 110 ohms per volt. 

The construction of the Weston ammeter is nearly the same as that of the 
voltmeter except that there is a shunt in the main circuit, and the instrument takes 
the drop across the shunt. For small instruments this shunt is in the ammeter 
case, but in station types is separate. The terminals of the instrument are marked 
4- and —-, and the instrument will deflect over the scale when the positive terminal 
is connected to the positive side of the circuit. Care should be taken to see that 
the shunt leads and ammeter always bear the same shop number, for they are cali- 
brated together, and are not interchangeable. 

Nearly all station type ammeters have a constant resistance of .805 ohms; the 
current required to give full scale deflection averages .075 amperes. The resist- 
ance of the instrument and its leads being knoM'n, the length of the cable required 
as a shunt for the ammeter can be found in this way. The length of main or bus 
bar, Z,, is equal to the product of the resistance of the meter, including leads, 
mnltiplied by the current, C, required in the instrument to give full scale deflection, 
divided by the resistance of a square inch of copper 1 foot long, R, This dividend 
Is again multiplied by a dividend obtained by dividing the crosB-section of the bos 
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bar (or cable) in square inches, S^ by the mazimom current, C, to be meaaored on 

If the resist- 



the bus bar (or the full range of the ammeter), or Z, = — - — Xtt' 



ance, in case of a cable, is accurately known i)er foot, then the proper resistance, 

R^ to be included between drop i>oint8 can be found by multiplying the resistance 

of the instrument and leads by the current required by the instrument; dividing 

this by the maximum current to be read by the instrument gives the resistances 

Kx C 
required, or R = — -^—^ which resistance divided by the resistance per foot ef the 

cable to be used as the shunt, gives the length of cable required to give the correct 
drop for the meter to read amperes. This determination can be cheoked by a 
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reading on a meter temporarily in series with the feeder or bus bar on which the 
shunt has been adjusted. 

It is often required to know the current over a number of feeders from time to 
time without the expense of a separate ammeter on each feeder, especially so on 
ground return feeders. Permanent drop points oan be adjusted on the cable at 
some convenient place where it enters the station, and another a point at such a 
distance as to give the correct drop; then the ammeter with the leads with which 
these shunts were adjusted to read correctly, can be connected to the drop points^ 
and the current read on any feeder desired. 



POWER MEASUBEMENTS. 

In order to get the power delivered to any electrical device, the constant current 
flow in amperes multiplied by the volts lost through the device will give the watts 
consumed. As 746 watts are equivalent to one horse-power, the product divided by 
746 will give the horse-power absorbed. The continuous power taken can be de> 
termined by multiplying instantaneous readings of volts and amperes when both 
volts and amperes are steady, but this method does not give reliable results. 
Where these are varying, as in a railway load, a direct reading wattmeter should 
be used. Here the main current is carried through the Instniment, and also the 
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potential across the terminals of the current under measurement; the combined 
efforts of these two currents are calibrated on a scale from which the instantaneous 
watts can bo read directly. (See Fig. 23 for the connections to be made with a 



TO TMLLEY 




If/ITT Af£r£/f. 
Fig. 28. 

wattmeter.) But these readings must be multiplied by the length of time in min« 
ntes in order to get the continuous record of output in watt minutes. 

For a continuous test of power consumption, such as in a dynamo or a street 
railway equipment, an integrating wattmeter giving a summation of all energy 
delivered, is used. This meter is practically a motor whose speed varies directly 




Fio. 24. 



as the energy passing throngh it; and the resultant revolutions of this motor an 
recorded on a summation dial which can be read directly in watt hours. 

In Fig. 24, yl, ^, are the field coils; B^ armature coils; C, C, copper disc; Z?,Z>, 
retarding magnets; E^ spindle; /% F^ wires leading through armature coil. 
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TESTS ON ELECTRIC RAILWAY SYSTEMS. 

TEST FOB BESISTANCB OF INDITII>UAI< BONDS. 

The instnunents required for this test are: one milli-yoltmetcr with zero in 
the center, two resistances, one-half ohm each, a stand like Fig. 25, or a 8tra;;;'at 
edge like Fig. 26. In testing for individnal bonds with the stand shown in Fig. 25, 
two fixed contacts bridge the rail-joint at a distance of about 12 ins. apart, and 




Fig. 25— stand fob htdiyibuaii Bomo test. 



the variable contact ii moved along the rail until a balance is obtained on the 
milli-voltmetcr. The ecale of the stand will thSn read, when the keys C and 2> 
are both depressed, the resistance of .the joint in terms of the rail length: that is, 
the length of tho solid rail, which has the same resistance as the joint. 

To determine tho current Cow in the rail, carry the cord out until it registers 
10 ft. on the scale, and piess down key D\ then the current in the rail in amperes 




PIA3RAM. 
FlO. 26— STBAIOHT XDOB FOR INDIYIDirAL B0in> TEST. 



will be the millivolts, multiplied by the weight of the rail in pounds per yard, 
divided by 8.7. 

This formula applies to steel rails not exceeding .49 of 1 per cent manganese. 
With the straight edge shown in Fig, 28 the voltmeter reading is first taken with 
D only depressed; then with both C and D depressed. The ratio in readings will 
then give the resistance of the bond as compared with that of straight rail. As 
usually constructed, the distance between the contact spanning the joint is 1 ft., 
and that between the contacts on the solid rail is 6 ft. This gives a ratio of 6 to 1 
and maket the bar about 7^ ft. long. 
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This test proyides a more rapid way of determining defective rai\:r^>nds than 
that given in test No. 25. The apparatus required is one special track, made up 
of two pairs of old wheels and boxes, with one axle cut and insulated. The two 
axles should be insulated from each other by making the side framing of wood, 
and attached to this side frame should be four metallic track brnehes each located 
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as shown in Fig.27. The other apparatus required is two voltmeters reading 3 volts 
full scale, one ammeter reading 200 amps., one motor dynamo 500 volts to 5 volts, 
and 200 amps., and a regulator to control the speed of the motor-dynamo. The 
connections are shown in Figs. 27jand 28. 
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Fig. 28— flan view of tbailino tbuok suowino connsotions. 



The current from the low* potential side of the motor-dynamo is taken to 
wheel A of the pair of wheels having an insulated axle. These wheels should be 
located furthest away from the tow-car. The metallic track brashes are located 
as shown 9^X D D D D^ and should be as far apart as possible, but between th^ 
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wheels of tfafe truck. The path of the measuring current is from wheel A^ through 
the rail to wheel E^ then across the continnons axle through wheel F^ then along 
the rail back to the other wheel, C, which Is connected to the opposite brush of the 
ow-voltage dynamo. The voltmeters G and // measure the drop between the track 
orushes on each side of the truck. The testing truck is towed along by a car, in 
which are located the measuring instruments, the motor-dynamo and its regulator. 
An examination of Fig. 29 will show how the voltmeter readings, as taken in 
different positions of the trail car, will determine the condition of the individual 
bonds. Assume a uniform weight of rail and the joints 8tag<;ercd. Then iu 
Position 1 (Fig. 29), the current passes through joint B and back through rail A, 
The diHerence In the readings between the two voltmeters on the A and B sides 
of the car will give the resistance of joint B^ as compared with solid rail. In 
Position 2, both voltmeters should read alike, if there is no cross-bonding across 
the four tracks. In the case of cross-bonding the current would be shunted 
around through the rails on the other track, and all of it would not go directly 
back through the opposite rail of the first track. The current will be diverted 
through tho cross bonding, and the voltmeter readings will be less than that 
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FlO. 29— DISEOTIOK OF OUBHENT FLOW. 

teqnired by the amperes flowing, but the ratio of the voltmeter deflection to car> 
tent flowing will indicate the conductivity of the cross-bonding work, as compared 
with the cross-bonding made by the car and test truck. Ko car should follow the 
testing truck within 1000 ft. If the road is in operation and the rails are carrying 
current, the side of the track carrying the current from the motor-dynamo will bo 
increased in voltage when the test current and working current flow In the same 
direction, and when the test current is flowing against the current in the rails it 
will be decreased in voltage. When the drop in the rail is zero the current flow 
ing from the motor-dynamo will be equal to that flowing In the rail. 

By carefully watching the voltmeter as the car proceeds, joints can be meas- 
ured in the way described at the rate of about 4 miles an hour. As the bad joints 
are found they can be marked by injecting whitewash on the roadway, and can 
then be marked permanently for repair later. 

AUTOGRAPHIC METHOD OF TESTING BONDS. 

The author has invented a test car which utilizes the principle of the preceding 
method by substituting one of the car trucks for the trailing truck. The working 
speed has been increased to ten miles per hour by the use of certain recording 
devices described below: 

The testing apparatus, which is mounted on a table near one end of the car. 
consists of two recording voltmeters and the record chart, which Is moved by being 
belted to the axle. The voltmeters are so arranged that the movement of their 
hands is recorded without in any way interfering with their sensibility. This is 
^ecomplished by means of a high-tension spark which passes from a plate to the 
IQOvtog hand of each instrument, from which it passes to a semi-circular copper 
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sectionalized scale under the pointer of each inBtrament. This scale it electrically 
connected to a series of terminals placed at right angles to the direction of move- 
ment of and under the record sheet, and the spark is of such a character that it 
bums a hole in the paper of the recording sheet as the latter moves along. In this 
way the circular movement of the hands is rectified and all ordinates on the record 
are proportional to the voltage. In some cases an ink belt is run between the spark 
and the paper, and with certain aniline inks the spark will carry the ink on to the 
record sheet. 

The voltmeters are usually set for their full scale of ISO millivolts, but their 
shunts can be adjusted to correspond to the current flowing in the rails. For 
instance, the normal current in the local circuit in each rail— that is, from one wheel 
into the rail and back through the other wheel on the same side, and which is 
provided by the motor-dynamo on the test car is 200 amps. This current is, of 
course, increased by the return currents of all the other cars on the system, so that 
the voltmeter readings depend upon the total amount of current in the rail. For 
this reason the voltmeters are adjusted so that the full scale can be used for measur- 
ing the variations in the voltage around each joint. As a rule, each joint is 
measured on the record by the proportion which its resistance bears to 4 ft. of 
solid rail. The record sheet moves 1 in. while the car progresses 120 ft, giving 
the bond record the scale of 1 in. to 120 ft. of track. 

As the voltmeters might be injured by an excess of voltage caused by a defective 
bond, an automatic cut-out is inserted in the circuit of each so that it cuts out the 
instrument before it can swing to full scale. This automatic cut-out is also elec- 
trically connected to a pen which makes a continuous straight line on the record 
when the track is in good condition, but a side dash, when the car passes any joint 
that has over 150 millivolts drop, or is practically open. When this automatic cut- 
out opens it closes another circuit wliich operates the valve of an air pump, by 
which a jet of whitewash is squirted on to the roadbed adjacent to the defective 
joint. In this way an open joint can be located by the trackmen without reference 
to the autographic record, which is kept in the roadmaster's office. 

The autographic record gives more information than simply the true condition 
of each bond. In the first place, the direction and amount of current flowing in 
the rail can be determined at any instant. This is done by opening the local circuit 
in the car, which, as already stated, carries 200 amps. The reading of the volt- 
meter after opening this circuit bears the same ratio to the reading before opening 
the circuit that the current in the rail has to the original current flow. 

The inductance of the rail circuit can also be very clearly determined by taking 
100 amps, from the trolly wire through a resistance on the car and noting the time 
required on the record chart for the current to rise to the normal. 

It is also easily possible to determine the total transmission losses. -This is 
accomplished by the use of the 100-amp. circuit described in the previous test, and 
multiplying the difference of the reading on the voltmeter before the additional 
current is thrown on the line and after by 100, to give the ohms. That is to say, 
since the resistance in any circuit equals the volts divided by the ampers, each volt 
difference will correspond to 1-100 ohm when the amperes are 100. Of conrse. If 
other cars are in operation, this test should be repeated until a constant or average 
value appears for the reading, on account of the varying voltage. 

The advantage of making this test when the road is in use is that the resistance 
thus determined is always different and usually less than that obtained when the 
cars are not in operation, the reason being that poor bonding and earth leaks increase 
in resistance when there is no current flowing in the rails. The method desplbed, 
however, gives the resistance under operating conditions, which is the proper 
criterion of the losses. 
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AOOBEOATE BOND TEST FOB A SECTION OF TRACK. 

The iiiBtnimontB required for this test are one ammeter reading dOO ampe., one 
voltmeter, 80 volts, one water-barrel rheostat, one snap switch for 150 amps., and 
600 volts, and one long pole to reach the trolley wire. On a motor car place the 
water-barrel rheostat, in which have two iron plates aboat 14 ins. x 24 ins., sep- 
arated by slats. Connect as shown in Fig. 30. Use bicarbonate of soda in the 
water rheostat, so that with 500 volts about 140 amps, will pass. Connect the snap 
switch on the trolley side of the rheostat and the ammeter in series. Have the cir- 
cuit breaker opened in the station (by prearranged signals) on the feeder supplying 
the section of trolley over the track to be tested. With a No. 18 wire connect all 
f onr tracks with the dead trolley. It is advisable to be sure first that the txoUej 
is dead by reversing the trolley-pole to the dead trolley; if the lamps do not light, 
the section is open. Then the determination of the track return resistance can be 
made by first reading the volts between this dead trolley and the track, as shown 
by the voltmeter, and by dividing the reading thus obtained by the amperes flow- 
ing in that rail. 

The relative resistance of each track, as compared with the total circuit, can 
be determined by the drops on a rail length of each track. The drop between 
each rail and the dead trolley can be taken. The drop between the different rails 
will give the cross-bonding conditions. Where there is a loop or there are inter- 
secting tracks which offer other paths for the return current than the one under 
test, the current flowing back over the section under test has to be measured by 
drop on rail lengths. The current in the two paths beyond and behind the test 
car is inversely proportional to the resistances of these two return circuits. Thia 
gives the individual rail return resistance, and the collective rail resistance over 



m ruH^ 




Fio. 80-ooznaoTioK8 ros aoobsoatx bond tist. 



the section under test, the cross-bonding conditions and the value of the tested 
track in its ratio with any other return circuit. If one rail is carrying less than 
the other, its bonding is poor, but effective cross-bonding with no current indi- 
cates one or more open rail joints between cross-bonds. 



TEST FOR CURRENT FLOW. IN WATER PIPES. 

The instruments required for this test are one voltmeter reading 6 volts, one 
ammeter reading 15 amps., 600 ft. of No. 6 B. & S. cable, 600 ft. of No. 10 B. A S. 
cable, two plug clamps like shown at A^ Fig. 82, and one portable reel, shown at 
By provided with a commntator, as shown at C. The reel should have a shelf, to 
which the instruments and switch are secured. 
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If two adjacent water-plugs, which are on the same line of pipe, are connected 
together electrically, as in Fig. 82, through an ammeter and if a current is flowing 
through the pipe, a part of the current will be diverted through the external am- 
meter circuit A'D when switch E is closed. To determine the current flow in the 
water-pipe the following readings will have to be taken: volts with switch j^open 
which can be called V^. 

Volts with switch E closed, which can be called Ka, also amperes flowing, A . 
If we call the normal current flow in the pipe A', then X\A\\Vy^\ V^—V^, This 
is approximately correct. The results may be unreliable from the following 
causes: First, the two plugs may not be on the same water main, then the am- 
meter leads form a jumper between these two pipes, and there is a very Blight 
change of voltage for considerable current flow, and apparently a very low resist- 
ance is shown. A number of adjacent plugs along a street should be measured in 
order to get the average current value. A bad pipe joint will show high voltftge 
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Fig. 31— diagram op coNxnioTiOKB. 

on open switck and large current with small drop in voltage when switch B is 
closed. Again, there may be considerable resistance In the lateral pipe connect- 
ing the plug to the main. When this is the case, the closed circuit volts will be 
low, no perceptible, or very little, current will flow, and adjacent pipe section 
leadings will not approximate the values which they should show. 
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TEST FOB CURRENT IXOW IN WATER PIPE. 

The spociflc resistance of cast iron varies considerably with different samples 
of pipe dne to tl-e variation of free carbon in it, and also dae to the fact that the 
weight per foot of pipe changes with the shrinkage, size and displacement of the 
core aroand which the pipe is cast. For this reason, in assuming a given resistance 
for cast iron, satisfactory results are not always obtained. Tables of resistance of 
cast iron pipe are given herewith, and should be used only for rough approxima- 
tions, as they vary from .001 IS to .00163 ohms per pound foot. 
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The table (see page 61) for wrought iron or mild steel pipe, which material is of a 
\ uniform composition than cast iron, and can be relied upon. The so-called iron 

pipe which is most extensively used in underground piping plants is really a mild 

steel pipe, such as given in the above table. 



CAI.IBBATION OF PIPE FOB CUBBENT FLOW. 

Corrosion of pipe, both outside and inside, reduces the weight and also affects 
its conductivity, so the following method is the only one in which any reliance can 
be placed, when the current which is flowing in the pipe is to be determined. 

The instruments required are a millivolt meter and an ami)ere meter, reading 
about 10 amps., a pair of drop leads, and a pair of heavy current leads with clamps 
having amalgamated terminal, which can be clamped to the pipe. The ampere 
meter leads should be long enough to include at least 10 ft. of pipe, and not smaller 
than No. B. & S. flexible. In this circuit with the ampere meter leads is also a 
single pole switch, as shown in Fig. 31a, the drop points to the millivolt meter 
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AVERAGE CUEEENT WHICH WII.I< GIVE ONB MUXITOIiT 
DROP ACROSS STRAIGHT CAST IRON PIPE. 



Inside Diameter 


Weight per Foot of 


Distance between Drop Points. 
4 Feet 8 Feet 


of Pipe. 


Straight Pipe. 


Carrent Flow In Amperes per 
MilliYolt. 


4 


20 


8.5 


1.7 


6 


80 


5.2 


2.6 


8 


89 


6.8 


8.4 


10 


68 


10.1 


5 


12 


84 


14.6 


7.8 


16 


120 


21 


10 


. 20 


180 


81 


16 


S4 


220 


88 


19 


80 


810 


54 


27 


86 


440 


76 


88 


42 


660 


97 


49 


48 


720 


126 


62 


60 


900 


156 


78 



AVERAGE CURRENT WHICH WILI< GIVE ONE MUXITOIIT 
DROP ACROSS STRAIGHT IRON WEIRDED PIPE. 



Nominal Inside 


Outside 


Weight of Pipe 
per Lineal Feet 


Distance in Feet Between 


Diameter. 


Diameter. 


Drop Points. 


Inches. 


Inches. 


Pounds. 


4 Feet. 8 Feet. 


M 


.64 


.42 


.18 


.09 


''2 


.84 


.84 


.86 


.18 


ii? 


1.05 


1.12 


.52 


.26 


1 


1.815 


1.67 


.72 


.86 


1^ 


1.66 


2.24 


.95 


.48 


1.9 


2.68 


1.14 


.57 


2 


2 875 


8.61 


1.64 


.8 


^ 


2.875 


5.74 


2.48 


1.22 


8 


8.5 


7.54 


8.20 


1.6 


8^ 


4 


9 


8.81 


1.9 


4 


4.5 


10.66 


4.5 


2.8 


4^ 


6 


12.84 


5.23 


2.6 


5 


5.568 


14.60 


6.15 


8.1 


6 


6.625 


18.76 


7.98 . 


4 


7 


7.625 


28 27 


9.85 


4.9 


8 


8.625 


28.18 


11.9 


6 


9 


9.625 


88 70 


14.8 


72 


10 


10.75 


40.06 


17.8 


8.6 


11 


11.75 


45.02 


19 


9.5 


12 


12.75 


49 


20.8 


10.4 


18 


14 


54 


228 


11.4 


14 


15 


58 


246 


12.8 


15 


16 


62 


26.2 


18.1 



Beyond this size pipe is taken from the outside diameter. 
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being within the length of pipe bridged by the ampere meter leads. The drop on 
the pipe is first taken with the ampere meter switch open, and then with the switch 
closed, and at the same instant the switch is closed, read shunted amperes as shown 
by the ampere meter. If the shunt circuit is too high in resistance the flow will be 
too small to give reliable results. The pipe surface, where the contact plates make 
contact, should be thoroughly cleaned and amalgamated ; or a pipe joint can be 
bridged by the current leads only, to increase the current through the shunt circuit. 
The fall in millivolts divided by the current shunted is equal to a constant, which, 
multiplied by the total millivolts observed when the shunting switch is opened, 
gives the actual flow of current on the pipe under normal conditions. The effect of 
the ahnnt circuit can be neglected, as it is not appreciable in the total pipe drcoit. 
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Suppose there were 12 millivolts between drop points when switch was open, 
and 2 amps, diverted when switch was closed, but the drop fell to 11 millivolts, then 
1 millivolt is equal to 2 amps, on total flow of 24 amps. With these same connec- 
tions another test can be applied which Is necessary in order to trace currents in a 
ramified piping system. 



PBOPOBTIOBrAL DISTRIBUTION OF CUBRENT ON PIPING 

SYSTEMS. 

Assuming the drop connections to be left as in the test for calibration of pipe 
for current flow, and a wire, about No. 6, brought from the rail of the street rail- 
way track. In this wire is inserted another ampere meter reading as high as 
160 amps. When this wire is connected to the pipe as shown in Fig. 81b, a current 
will flow either from the rail to pipe, or from pipe to rail, depending upon whether 
the pipe is positive or negative to the rail. In either case the drop on the millivolt 
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meter will be increased if the wire from the rails is connected to the poeitive end of 
the pipe, or the end of the pipe from which the current is flowing, as shown by the 
millivolt meter. If the increased deflection of the millivolt meter does not agree 
with the current shown flowing through the ammeter in the track lead, by applying 
the constant found in the test above mentioned, then the current has another path 
through the piping system. To find the relative conductivity of these two paths 
connect the wire from the rails to a point between the drop wires and in a line with 
them, and find such a point where the millivolt meter reads zero; then the conduc- 
tivity of the two circuits formed by the piping system will be the inversely propor- 
tional to the ratio of the length from one drop lead to the track wire connection, 
as the length from the track wire connection is to the other drop lead, or .<4 is to 
By as the conductivity of path by A is to the conductivity of path by B, 



TO TEST FOR THB CURRENT DITERTED TO AN UNDEBIiT- 
ING PIPING STSTEJII. 

There must be several conditions existing to cause this flow; first, there has to 
be a drop on the rails back to the power station; second, the piping system must 
present a path of conductivity toward the power station ; third, the earth resistance 
must be low to connect the rails and pipe so that current will be diverted to the 
piping system, and the rails must present a potential, in the location where the cur- 
rent is diverted, higher than the pipe relative to the power station, to cause a flow 
toward the pipe. In order to discover the aggregate flow of current on a piping 
system, the earth resistance where the current leaves the pipe must also be deter- 
mined, where the piping system is not drained by a ground return from the piping 
system to the negative bus in the pipe positive territory. 

Here we have an investigation of currents flowing in three directions, and the 
system must be completely tested, and data laid out, preferably by graphic methods, 
in order to discover the condition surrounding, and the conductivity of these sox- 
iliary return paths for the ground return current in railway systems. 



LAYING OUT CONTOUR MAPS. 

The potential contour map shows the fall of potential over the rails to the 
power station, and also the fall at the same point over the pipe line under test. The 
pressure wire generally used is the common ground of a telephone system which 
does not interfere with the service, only making the line noisy while the test is 
being made. Take a simple case. Fig. 31c, which shows a portion of a city with the 
lines drawn through points of equal potential, relative to the negative bus of the 
power station. The broken lines being the water and the full lines being drop on 
the rail. This gives the potential existing on each system in the same way, as the 
contour of the country would be laid out, using a potential instead of elevation as 
the altitudes. This gives a relative plan of the potential which tends to force car- 
rent into the piping system. Another map can be made showing the difference of 
potential existing locally between the pipes and the rail by passing a line through 
all points in a system of the same difference of potential; also a contour map 
showing the resistance of the earth between the pipe and rail as determined by test. 
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Now If we have the resistance of area between pipe and rail, and know the 
difference of potential, the current diversion to the pipe will be that dne to the 
drop on the track back to the power station, acting over the earth resistance 
between the pipe and rail. The sum of the pipe line resistance, and the resistance 
of the area where the current leaves the pipe adjacent to the power station, divided 
by the electromotive force caused by the mean total drop on the rail back of the 
power station, will give the current diverted to the piping system. To establish any 
auxiliary path to make these tests will disturb the normal relation existing between 
rail and pipe. The expansion of any voltage line and its relation to the point it cuta 
other diverting lines indicates the relative conductivity of these rails. This line 
may be distorted for two reasons, one the high current density on the rail, and the 
othfiT, the character of the bonding of the rail. To determine the corrent flow 






Power Suticn^L 
Street Cat Linea, 




through a rail a device like that shown in Fig. 31a can be used with a millivolt 
meter. This spans when open, 4 ft. of rail, and the average drop on each rail of 
track at the point of test should be taken, and the approximate current for each rail 
deduced from the following table. The resistance of rails varies considerably, due 
to the percentiige of carbon and manganese. The resistance of rails can be found 
under i?ection on lalls. 

TBST FOR DROP ON GROUND RETURN CIRCUITS. 

The apparatus required is the same as in test (Fig. 30). First open tho circuit- 
breaker in the station and groui>d the feeder to be tested by connecting it to the 
negative bus by small fuse wire. The volts read at A , divided by the current at 
B^ will give the ground return resistance, including all paths to station. If the 
return is metallic only, the current will follow Ohm's law; if the return is partly 
metallic and partly earth the return resistance will fall with an increase in the 
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measuring current. The most convenient way is to use the longest feeder for a 
pressure feeder, and employ a tapping clamp for the pressure wire, like that shown 
in Fig. 84. 

The relative values of ground returns can also be determined by employing the 
trolley current. This test requires a five-way shunt board, as shown at C, Fig. 85, 
and an ammeter, ^, to road the main current, and capable of recording SOO amps., 
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FlO. 88— OONNXOTIONB FOB TESTING THB DROP ON GBOUND BBTUBN 0IB0XJIT8. 



switch rheostat,one plug clamp, and four track clamps and leads and an ammeter, 
B^ to read ofF the divided circuit shunts. When the current from the trolley wire 
through the rheostat reaches the shunts, C, A E^ F^ G^ it splits up in proportion 
to the resistance of these various circuits. The conductivity of each circuit can 
then be obtained by seeing the proportion of the current taking each path, as 
shown by the readings of A and B, This method, however, short-circuits the 
ground resistance between rail and pipe and the apparent pii)e conductivity is 
thus lower than the actual pipe return. 





PlO. 84— TAPPING OLAMP. 



Fig. 85— METHOD op veasxtring 

RELATIVE VALUES OP RETURNS. 

TEST FOB liOOAIi EARTH BESISTANCE BETWEEN PIPB 
AND RAILS. 

.. The instruments required are one ammeter reading to 20 amps., one voltmetei 
reading to 20 volts, one calibrated rheostat of 20 ohms with capacity of 20 amps., 
one water-plug connection, 40 ft. of flexible table. No. 6 B. & S. ; 40 ft. of No. 10 
B. & S. oableand track clamps. 
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Connect all rails together and in series with the rheostat and ammeter, aa 
shown in Fig. 86. Then connect the other terminal of the rheostat to a water- 
plug, then to the rail through the Toltmeter. The readings to be taken are ai 
follows : Finst, read the voltmeter with ammeter circuit open, then close the am- 
meter circuit with no resistance in rheostat and read Tolts and amperes; then 




Fig. 86— diaobax ov oonhsotiovs 



insert enough resistance in the circuit by means of the rheostat, to make the Tolt- 
meter read just one-half the average volts of the previous voltmeter readinpi. 
Then the resistance inserted in the rheostat is equal to the resistance between the 
track and the water-pipe system. While this conclusion is not absolutely true, it 
gives results nearer the truth than the daily variation of resistance between water- 
pipes and the rail-return circuit. 

The practical purpose of this test and that of Fig. 81 is to locate metallic con- 
nections between rails and subterranean pipes, to determine neutral territory 




Fio. 87— DiAosAV ov ooTrnxonoirs fob test. 



where there is no tendency for the current to leave the rails or pipe system, and 
to localize the districts where the current leaves the water-pipe system and enters 
the rails; this is the district where destructive electrolysis may occur. 

The above tests will not give all the necessary information regarding eleo- 
trolytic conditions to indicate the correct remedy. The next test (Fig. 87) is also 
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TBST FOB BSIaATIVB CONDUCTITITT OF BAII. AND PIPS 
BETURNS. 

The izustnunents required are a water rheostat, ammeter reading SiOO amps., 
and a quick-break switch, all of which are mounted on a tctit car. In the station, 
the ground return of the system is brolien, and an ammeter reading some 200 
amps, is in the circuit from the rails to the bus. Another ammeter is inserted be- 
tween the water-pipe system and the ground return bus, and a voltmeter is in- 
serted between the water-pipe system and the rail return connection, as shown in 
Fig. 37. 

The following precautions are necessary : There should be no load on the 
railway system except the artificial load thrown in on the test car. This can be 
rcr.dily detected, since there should be no reading on ammeter A when the con- 
troller on the test car is open. It is necessary to introduce a resistance in the 
ammeter lead between the water-pipe and the ground return bus, so that the volt- 
meter readings will not be below their normal values, unless the negative bus bar 
is connected normally to the water-pipe system at the station. In this case such 
connections must be removed in making this test, but no resistance need be in* 




Fia. 88— DIAOBAX OF CONNECTIONS TOB TEST. 

nerted. Different points should be selected along the route at which to make tests. 
These points should be numbered in consecutive order in such a way that the test 
car will pass them in a regular order, marking them up on one track and down 
the other in double-track roads. 

The test car is then brought to a stand at station No. 1, and the load is put 
on through the rheostat by means of the switch, rising gradually from 100 to 900 
amps. This current can pass back tb the station through two routes, one through 
ammeter A and one through ammeter B, The reading of ammeter A are to those 
of ammeter B,, as the conductivity of the rail return system is to that of the pipe 
circuit. The readings of voltmeter C will rise and fall, depending upon the re- 
sistance between the rails and earth return in the locality of the station. By 
plotting out these relations throughout the railway system, those parts of the 
system which have to be protected may be clearly located by studying the con- 
dnctivity of the two systems at different points. Metallic connections between 
the railway and the water-pipe can also be readily located in this way. 

TEST FOB liOCATION OF GROUNDS OB LEAKS. 

This test requires the use of the water-barrel rheostat, the two ammetem and 
the connections to fit the Jaws, as in the previous test. The connections are shown 
In Fig. 88. If the leak |s considerable the feeder ammeters will show its apinacl- 
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mate location bj the relative leadins^s, bat if the canent Is slight, kur leading 
ammeten will hare to be need. , 

As an example, suppose it be fonnd that the resistance of feeder A was .IS 
ohms, that of feeder B A ohms,' and that of the trolley wire between A and B .S5 
ohms; the total resistance of this circuit would then be .7 ohms. It will be noticed 
that, the current can take two patlis to the leak, but the resistance of the leak is 
common to both circuits, consequently the current will pass to'this leak throngh 
the circuits in the proportion that the resistauce of these two circuits bear to each 
other. Suppose the readiness on the two ammeters show that for the circuit A 20 
amps, pass, and that for the circuit B 12 amps, pass, the total current flow being 
K amps. Then for A we have the proportion, 32 amps, is to 20 amps., as .7 ohms 
(the total resistance of the circuit) is to A* (the resistance to the point of leak). 
For the B circuit we have 83 : 12 : : .7 : A'. Solving thto gives for the circuit 
through Ay .437 ohms, and through B .2625 ohms. Subtracting the known resist- 
ance of B feeder from the resistance of B circuit gives .0125 ohms, from the end 
at Bio the ground, and subtracting from the A circuit the resistance of A feeder 
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Fia. 80— DZAenAX or conkbotiohb tob test. 

(.437— .15) leaves .287 ohms, beyond the end of A feeder to the ground. If we know 
that the length of the trolley from AtoB Is, say, 2400 ft. and nniform cross section 
we may divide the resistance of this length by its length, or JH ohms by SHOO ft., 
which is equivalent to .000125 per foot. If this resistance per foot is divided into 
the found resistance from B to ground, or .0125 ohms, we have 103 ft. from B, The 
same calculation on the A circuit would give 2296 ft., which is the distance from 
A, Auy other leak on the system can be located by removing the ground con- 
nection from the ground bus and applying it to any other feeder terminal with all 
the feeder switches dpen. Any connection to each independent section will then 
show if there is a leak. 



TISST FOB UNB BESISTAKCIU 

The ajyparatus required for this tost is a water rheostat, an ammeter reading 
about 100 amps., a voltmeter reading about 250 volts, and two connectors that will 
fit the jaws of a feeder switch and he capable of carrying a load of about 60 amps. 
The connections are shown in Fig. 89. It will be noticed that the current passes 
from the water rheostat through the ammeter, out through feeder Cto CS along 
the trolley line to ^ ^, and back to the ground bus at the station, through the Jaw 
of switch^. Now if the voltmeter pressure between A and ^ and the current 
flow are known, then the volts divided by the current, will give the resistance of 
the feeder C, and that of the trolley line from C to B^, Similarly the preMore be- 
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tween B and C\ when divided by the current flow, will give the resistance of the 
trolley wire from B^ to A », and the resistance of feeder A . By shifting the gronnd 
bus to the jaw of the switch for feeder B and again putting the load on the system, 
the volts dropped between A and B^ divided by the current flowing, will give the 
resistance of feeder B, This principle can even be applied to complicated over- 
head feeder systems, which can be temporarily tied together by putting jumpers 
around the line circuit breakers, and all the electrical data, from the orerhead 
line to the power station can be determined. . 

TBST rOR EQUAI^IZATIOX OP COMPOUND WOUND 
GENERATORS. 

The ciicnits that affect the mutual compounding of generators, working in 
mnltiple, are the series winding ^*, equalizers ^S and generator leads D^^ Fig. 
40. To operate compound wound generators in multiple so that they will carry 
▼aiying loads in proportion to their outputs the following niles must be obsenrcd : 
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FlO. 40— XQUALIZEB AT SWITCHBOARD. FlG. 41— EQUALIZER AT OXHBBATOR. 



that the resistance ^*, ^' and D^ constitute those resistances which are Snyolved 
in properly equalizing the generators, and that the conductivity of the equalizer 
circuits for each generator must bear the same ratio to the conductivity of all 
equalizing circuits in multiple, as the output of each generator bears to the total 
output of all generators. 

First, consider equalizing generators of the same design and output. The 
usual method of connecting is shown in Fig. 40. To make these generators work 
properly together it is necessary that the resistance between the equalizer bus B 
and bus i^ be the same for all generators, and that bus E should not have any 
appreciable resistance. Or the equalizers may be directly tied together, as in Fig. 
41. If generator No. 1 is on the bus, and it is required to throw generator No. % in 
parallel with it, equalizer switch E^ (Fig. 40) is thrown. This has no effect until 
switch F* is thrown. Then the current flows through the series-coil of No. 2 and 
is diverted from the series winding of the operator generator. The amount of 
current thus diverted depends on the ratio of the two parallel circuits. 

When generator No. 2 is brought up to speed and bus voltage, switch H* is 
thrown in, and the current gradually fades out of the equalizer connection as gen- 
erator No. 2 takes its portion of the load. The equalizer connection has the func- 
tion of maintaining the same voltage at the terminals of the two machines, and 
there will be no tendency to cross-compound. 
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Whero aimilar dynamos are located at dlirerent distances from the switcb- 
board their equalizing connections must all be equal In resistance to the leads of 
the generator farthest distant, if the same current density has been figured on all 
the leads. In equalizing generators of dlilerent designs and outputs the same 
xelation of equalising circuits must exist between the difieient machines as in 
similar one, except that the resistance of the diHerent equalizer circuits decreases 
as the output of the generator increases. In other words, the drop between the 
equalizer bus-bar and series bus-bar must be the same for all units working in 
parallel, where fully loaded; or the maximum current delivered by a unit, mnlti- 
plied by the resistance of its equalizer circuit, mnst be equal to a constant, which 
is CR^E, 

Two methods of connecting equalizers are xecommended. In one the equal- 
izers are taken back to the switchboard (Fig. 41), and in the other the equalization 

J=J l=a J=JL J=l i— I L=l 
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Fio. 42 Ain> no. 43— tbstino fob the bqualizatioh ot xotobs. 

is at the generators. The only advantages gained by the first method is that the 
equalizing connection is under the control of the switchboard attendant, but as 
the resistance of the equalizer leads is thereby increased the machines do not tend 
to divide the load so readily between themselves, and act more as independent 
machines in multiple. 



T£ST FOB £QUAUZATION OF MOTOBS. 

The instruments required in the case of an ammeter test are two ammeten, 
both reading to 150 amp., inserted in the armature leads, as shown in Figs. 42 and 
4S. In the case of a voltmeter test, the instruments required are two voltmeten 
reading 80 volts, tapping across the fields at ^ ^ and CD, 

In a two-motor equipment it is necessary for the maximum efficiency of tb« 
equipment that the two motors perform the same duty. To determine whether 
they are equal or not it is necessary to put an ammeter in each motor circuit, or a 
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voltmeter reading 80 volts acroee each field (Fig. 44), and if the motors are doing 
uniform duty in the multiple position the drop across the fields will be the same 
at different speeds. 

With a wide gap between the armature and fields in one motor and a narrow 
gap in the other and the motor resistance high in the motor with the small gap, 
the load carried by these two motors will vary with the speed of th« equipment. 
If the two motors are fed through a water rbeoetat in the multiple position, both 
ammeters, in the case of the ammeters' test, and voltmeters in case the drop is 
taken across the fields for equalization, should register the same amount, pro- 
vided the motors have been equalized as to the resistance of the two motor circuits 
Wben the equipment is stationary. But it docs not necessarily follow that the 
motors, which have been equalized when stationary, remain so in operation, for 
this depends upon the field density. So motors can be tested for equalization 
only while operating. 

TESTS ON EQUIPMENTS. 

Iiocation of Fanlts.— To locate equipment leaks, tie down the trolley i>ole 
out of contact with the trolley wire, open the controller and take oif cover, bring 
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3 VOLT METER EQUALIZING TESX 
Fio. 44. 



the negative end of a 600 volt voltmeter lead to the platform with an insulated 
handle, one end of which enters the flexible test cord, and the other terminates in 
a sharp phosphor-bronze point. 

With the controller off and reverse open and both head switches closed, first 
make contact with 7" as marked on the different types of controller diagrains. 
Figs. 45, 46 and 47. If there is no deflection of tho voltmeter, It means no ground. 
A deflection will occur if lamp circuit is closed, or if there is a leak through the 
car wiring. This test should show over a megohm, and the deflection should be 
nnder 20 volts with 500 volts initial testing current. 

With a 60,000 ohm voltmeter, by taking out the lamps the ground can be 
located in the lighting circuit; a lightning arrester ground will then show, or if 
there is a ground in the fuse box. If the trolley stand is grounded, the grounds 
will go off on opening the head switches. On disconnecting; the lightning arrester 
ground, if tho ground goes off, the spark gap is probably short-circuited. 

Grounding with voltmeter terminal on R^ in A',, the controller gives rheostat 
ground only. In No. 14, -f- 2 gives one resistance of rheostat only. In type G, -f- 1 
gives both rheostat and flcld of No. 1 motor, which have to be separated at con- 
tact S'/'x + ai^d tested separately. For the armature of No. 1 motor, AAxOtl 
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fhe reverse; for A*,, ^^ + on the reverse. For No. 1 armature and rheostat in 
No. 14 controller, ^x+onthe reverse in Westins^honse typo G; y=\ for field of 
Ko. 1 motor for gronnd in AT,; Fx-\- for field of No. 1 motor for f^roond in No. 14. 
Field of No. 1 tested with rheostat in O controller, Armature No. 2 motor in 
JT, controller, test from ^,. Armature No. 2 motor, ground connection has to be 
removed, or brush taken out of motor on ground side in No. 14 controller and 
test from ^ ,. A^ will give gronnd from reverse of No. 2 armature in type O. For 
field Na 2 motor, gronnd connection has to be taken off gronnd to test insulation 
In AV, and test from /*,. 




Fig. 45.— k, general slxotrto coirTROT.i.sB. 



F^ 4- on the reverse gives ground on No. 2 field, Westinghouse No. 14. F^ + 
cm the Q controller gives field ground of No. 2 motor in controller. 

For test to gronnd on any contact finger to controller base, remove connection 
to that finger and test finger for ground. 

For ground on any contact ring or cylinder, test the different rings with con- 
troller open. 

To save time and calculation the resistance in series with the voltmeter can 
be figured once for all, and a scale pasted on the glass of the voltmeter marked to 
coneflpond with the resistance in series with the voltmeter to give the diffenrnt 



64 



ELECTRIC RAIL W A Y HAND BOOK. 



deflections; or curves can be laid out between the volts deflection and resistance 
for several different initial voltages, and in this way volt readings can be easily 
reduced to insolation resistances. 

Eqnipment Resistances from Trolley to Ground. — For this test is 
required a 10-amperc lamp bank which can be made up of lamp sockets and lo- 
c:;tcd anywbcro in the car bam or repair shop. A convenient arrangement for 
lli:s is shown in Fig. 48. Using 4-watt lamps will give better results with varying 
current. Locate the lamps at least 6 ins. between centers both ways, so that their 
heat will not reduce their life; IG-candle-powcr blackened car lamps will answer 
as well as new lamps. In series with the 8 banks of 16 use a rheostat of 4 ampa 




FlO. 46.— WESTINGHOUSE 14-CONTBOLLEB. 



capacity and 15 ohms resistance, and about 20 steps, so that the test current can 
be adjusted to exactly 10 am^s. through the ammeter. 

To connect into the equipment, pull down the trolley pole and hook over it 
the connecting hook, shown in Fi^s. 49 and 53. It is best to use a separate 
ground connection to a ground return feeder if possible, for the cars running on 
the main track will vary the ammeter readings, making it necessary to continn- 
ally adjust the rheostat in order to keep the ammeter at 10 amps. This gronnd 
connection is best made by inserting between the brake shoe and wheel a thin 
copper plate (Fig. 51) to which the ground lead is attached. If a voltmeter read- 
ing 160 volts together with a IS-volt coll, are connected between the trolley leid 
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and ground lead, and there are 70 ampe. flowing through the equipment, then 
each Tolt division will be ^ of an ohm in the circuit and by the drop. 

The reeistance for each step of the controller can be read direct by adjoet^^ 
the current to 10 ampe. by means of the rheostat and bank ewitcbcs. 

The following Is given aa the average reading In ohms for some of the ( 
ments ordinarily found in practice after operating for some time. These r 
were obtained by the use of rheostat, Fig. 68. 




FlO. 47.— WBSTIKOHOUSS CONTROLLEB. 
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The practical objections to test (as shown in Fig. 48) are that it is laborious, 
find requiret constant adjustment to keep the current at « fixed YiUue; alfo, 



66 



ELECTRIC RAILWAY HAND BOOK. 



around any open there will be 600 volts, and a mistake will injore the voltmeter; 
and, again, with high potential the operator runs the hazard of a shock. In 
order to overcome these objections test. Fig. 52 was devised. 

This requires a 4-ampb lamp bank, a milli voltmeter reading eero at the 



^a^ 



feaft 




\H£OSTAt 



4A /swm 



Fio. 48. 



center of the scale, and a standard adjusted bridge reading to 20 ohms by ^ ohm 
divisions, and capable of carrying 4 amps, without any appreciable error. It is 
convenient to locate the bank on top of the bridge box. 

The principle on which this test is made is indicated in Fig. 53. Here the 




Fig. 49. 



bank current splits through ^ ohm balancing arms and, when the current in 
both branches is equal, the milli voltmeter stands at zero. The variable resist- 
ance can be adjusted until this balance is obtained. Then the resistance in the 
rheostat is equal to the resistance in the car circuit. This method overcomes the 
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Tariation of potential continually taking place when testing with trolley circuits; 
for the rise and fall of potential affects both branches equally, and the sensibility 
of the instrument and not the zero of the instrument is aCToctod. TUu ncan::r!ng 
circuit to ground plate being always connected, there is no danger of the opera toi 
on the equipment receiving a shock. 

To find opens remove the ground connection from under the brake shoe anj 
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turn the controller until the bank lights up, which indicates passing an open. To 
locate low Tesistance grounds, replace the ground plate, remove the car ground 
connections and move the controller until the lowest resistance point is found. 
The connection from this point of the controller leads to ground. 




Fig. 52. 

A car rheostat varies considerably in resistance especially when used on 
heavy grades. The Q. K rheostat as a rule falls in resistance with use, while the 
'Westinghonse, Walker and Steel rise in resistaucu with use. Similar equipments 
may vary between each other 80jC on the resistance steps. 

For testing the armature and field resistance when in the equipment, it is 
best to take two insulated volt test handles and stab the bars on the commutator. 
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which project from under each brush, and read the volts; or a metal brush can 
be made having In it a pressure point lead like shown in Fig. 64, and substituted 
for the carbon brush and the resistance of armature thus obtained. For this test 
there should be a 15-volt scale on the 150-volt voltmeter connected across the test 
bmshcs, as the controller contacts and wiring give rise to too large a variable to 
hiclnde them in this resistance test. The fields can be tested by means of plugs 
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riiown in Fig. &4, clamped to the field wire leads with the connection shown In 
Fig. 44. Burnt-out fields arc indicated by a lower resistance than the standaid 
let for each type of motor. When cold these fields may appear to be normal and 
fbey should be measured when hot if possible. 

In order to measure the temixsrature of a motor by field resistance, it should 
bd borne in mind that the resistance of copper increases .21 of 1% for each degree 
tise in Fahr. A Westinghouse 12A field measures cold approximately .575 ohoui 
At 00^ Fahr. If the motor comes in hot and measures .630 ohms, the tempentun 
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can be found by diyldlng the increase in resistance, .065, by the resistance of 
field at W^ .575, which gives 11.:^ rise; diviain<^ this again by SX will give 58.8« 
Tahr. increase, or 113.8*' Fahr. actual temperature. 

The armature of this motor measures about .803 ohms at 60; its temperature 
can be obtained in the same way by resistance measurements Curves 'aid out for 
temperature corresponding to hot resistances give the rise direct, and save com- 
putation each time. Again this is useful for locating poorly soldered armature 
leads, which will show high when hot. If the calculated temperature Is blether 
than the temi>erature as shown by a thermometer placed on the body of the arma- 
ture and protected from external radiation by waste placed over the bulb, then 
the armature should be tested for faults. 

TSST FOR POWSK CONSUMPTION IN STBEST RAILWAY 
EQUIPHCENTS* 

The itower conmunptlon of an electric street car passing over a given route at 
a fpediied schedule wlU vary when any one of A number of conditions srs 
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changed. Density of traffic (which will vary the number of stops), the location of 
stops, the loading of the car, condition of track and obstruction of headway, all 
introduce conditions in the operation of the car affecting the amount of power 
required to propel it over the route. In comparing the different types of cars 
among themselves the variabler are the motorman, trucks and length and weight 
of car bodies and method of control. In comparing different sections of tracks 
the variables are grades, condition of road bed, potential of power delivery and 
track construction. Tests must he made to determine these variables In order 
that the result of the different tests on different roadways under the various coudi- 
tions that arise in practice may be compared. Of course, a number of these 
variables need be determined only where definite values are to be fixed, but 
methods for making all the determinations will be given. 

The first variable usually determined is the power value of a start. This value 
varies with the grade, the time allowed for acceleration and the methpd of motor 
control. Where a mixed car equipment Is used on the road one car Is selected, 
which type represents the average conditions of all the types used. In order to 
make these determinations a portable integrating wattmeter should be connected 
so that all the current passes through the series winding, as shown in Fig. 65 and 
the armature connected between trolley and ground; also in series with the watt- 
meter Is an ammeter, ^, through which all the current supplied to the motor 
passes and the line potential Is read on the voltmeter, K 

Switch .9 should also be connected so that the armature of the wattmeter ea& 
||0 di(K?oii«Ct«4 ftQm^li9«p9t99tUa, l90iaert94o^^mUi9 w^e^tl^^car^ 
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reached its mazimam speed on level track, ammeter readings should be taken 
when the car is passing ever a level stretch of track with the controller on the 
last notch; the constant current taken under tbcsa conditions required by the 
equipment will be the maximum level run constant. This constant can be 
determined on different points of the controller where the car can be contina- 
onsly operated. 

For the determination of the power value of a start from the state of rest to 
maximum speed, the car should be stopped at a marked position on the track 
where it will have at least 600 ft. clear headway and tbe reading of the integrating 
wattmeter taken. The pressure switch which connects the wattmeter armature 
across the line is now thrown in. The car is started up with regular time between 
controller points and the rise and fall of the current through the ammeter 
watched carefully. The instant the current has fallen to the maximum speed 
YEAue previously determined, open switch^, and at the same instant note the 
point that the car is passing. A number of starts will have to be made from the 
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Fig. 65. 



3 point and the car brought to full speed within the same distance, until the 
total watts consumed, divided by the number of starts, will give the same con- 
stant. Maximum speed constants will have to be determined for the different 
grades on the road, for different loadings of the car and different points of the 
controller and curves plotted for these results. These determinations are used in 
connection with the following tests in order that the power consumption of the 
cars in practical operation at different times of traffic density may be compared. 

Different rates of acceleration can be determined in the same way, and the 
distance and energy required to get to maximum speed. From these tests, then, 
the best method of handling the controller can be developed, both for schedule 
required and economy in power consumption, by making test runs over track 
sections and varying the method of handling the controller, both in the series mul- 
tiple and loop positions, for different grades. 

To determine the kilowatt consumption per car mile under the practical traffic 
conditions of a road and the power required by different kinds of car bodies, 
trucks and equipments, a section of tracks should bo selected which represents 
fbe average tiacjc condition of the system, which should not be less than three 
BkUsB looji^ A svoftls of this section will help to analyze the cesolts, but the lol* 
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lowing precaations must be taken in getting data from these rnna so that the 
different ears will be comparable as to power consumption. If the wattmeter Ib 
read only at fixed intervals of time or distance or when an equal number of watts 
have been metered, the values apply only for a level track. Where^ there are 
several grades in the test section, readings of the wattmeter should be taken at 
the moment the car reaches the top of the grade, going in both directions over the 
test track. This will obviate the error introduced by drifting, for an easy run- 
ning truck over a variably graded track may show a very high economy, with the 
car passing in one direction. This is due to the fact that the motors are working 
at full efficiency for a a short time while climbing a short sharp grade, and after 
reaching the top, the car may drift for a long distance; yet in the return trip the 
motors will not be worked economically while climbing along moderate grades to 
reach the top, and have only a short period of rest while drifting down the steep 
short grade. Also, if the car stops at the end of the test track at a level lower or 
higher than at the beginning, the complete run to the end and back is the only 
one that will give comparable values as to power consumption. These points 
must be borne in mind in arranging the test, so that seemingly contradictory 
results will not be obtained. 

" The other data to be obtained on these runs are the times which elapse be- 
tween the stait and finish of the test runs. All stops should be noted, and all 
stops longer than thirty seconds should be timed. When the car is left running on 
a particular point of the controller, it should be noted. The maximum current rise 
and the running cunent values with the line voltage for both these values should 
be noted, where specific values are to be determined for a different car equipment; 
but these variables can be averaged out and a practical average car consumption 
value per car mile can be obtained if a large number of runs over the same test 
track for each equipment tested be averaged. 

A wattmeter in the station will show higher watt readings per car mile than 
those shown on a car test, as the readings will bo increased by the line drop and 
ground return losses. These values will vary as the distance from the station 
increases and with the economy of the distribution system. 

Data used for figuring the power consumption of electric cars as usually 
given, are based on a false assumption, when these data are applied to the car 
mounting grades, as it is assumed that the car continues to mount the grade at 
the same si>eed as it travels on the level. The usual method is to take the cur- 
rent required for the level speed and add to it the energy in current necessary to 
raise the weight of the total equipment through the elevation attained by mount- 
ing the grade in one minute of time— mounted, as grades are in practice, with no 
resistance in series with the motors, in either a series or parallel combination. 

It is evident that the only way more energy can be supplied to the motors 
with a constant line voltage, is when they drop in speed and reduce their counter 
e. m. f ., so that more current can flow. Consequently, the above assumption wil] 
lead to enx>neous results, as the car will at all times adjust itself to such a speed 
as to obtain the maximum energy for mounting any grade when there is no 
external resistance in series with the motors. This makes the grade determina- 
tions of power consumption very important, as they cannot be figured with the 
degree of accuracy required for power consumption determinations, due to the 
large number of variables which affect the current flow through the motors ; but 
it is a wise plan to use the Above approximate method in figuring the railway 
feeders as it introduces a factor of safety in railway feeder calculation which is 
usually nefi:lected. 

VHiito the wattmeter gives the operating economy of the •qaipment as rsg aidf 



7a 



ELECTRIC RAILWAY HAND BOOK. 



the demand on the power station, it does not indicate the best economy of operation 
with respect to the heating eflect on the equipment; and as the depreciation and 
repairs of motors are largely dependent on the temperatures at which they are 
operated, the integrating wattmeter is not a criterion of the best method nnder 
a varying potential delivery due to feeder and return drops. The reason of this is 
that the heating effect is a function of the square of the current, whereas the motor 
heating per car mile will increase a great deal more rapidly than the watts per 
car mile, when operated under potentials lower than those for which the equip- 
ment was designed. 

T£ST FOB MOTORBIAN*S CHARACTERISTICS. 

To obtain the motorman*s characteristics for running his motors, the maxlmnm 
wnmeter readings have to be taken in connection with wattmeter readings. On 
starting it is also necessazyto take the volts delivered to the equipment, for as the 
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volts fall, the efficiency of the equipment falls, and therefore a mile-run on a part 
of the system distant from the power station will not show the efficiency of • 
mile-run of the equipment nnder the same conditions near the power station. 

The average motorman's characteristics can be more clearly ascertained by the 
C^J^ effect of the current which results in heating the motors. They can be meas- 
ured by making a motor calorimeter (Fig. 6C) as follows : A wrought iron spool has 
a hole drilled at the top to receive a thermometer and is filled with mercury; around 
the spool is wound No. 6 B. & S. copper wire for double motor equipments, and 
No. 5 B. ^ B. copper wire for four motor equipments. The main cuxrent to the 
motor is carried through the calorimeter which is insulated to have practically 
the same rate of radiation as the motor; then the temperatuies obtained bytlxQ 
^orfmeter c^y^pe^d to the motoman'q efficiewj ^i hsncill^g t)X9 moton. 
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ACCEI.ERATIOX AND BRAKING TEST. 

Tiie same connections that are used in the above test are used in testing the 
efficiency of acceleration, with the addition of the apparatus shown in Fig. 57. 
Thits instmmcnt, which is located in the car, consists of a long pendulum, A^ 
arranged parallel to the rails, and a pencil carrier, E^ which is moved over a sheet | 
of paper, Z>, by means of a fine cord belt, F^ passing over rollers, C^C^C^C, The , 
paper may be fed along I y hand, clockwork, or may be connected to the car axle * 
by a belt, B^ 

The zero line is maclu for the pencil carrier when the pendnlum, A^ Is hmging 
plamb. On starting the car the pendulum bob will be deflected and M kog M 
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the car ifl accelerating, will not return to the zero line; as soon, however, as it 
reaches the zero line again, the car has finished Its acceleration. The wattmeter 
ie first read before the car is started and again when the pencil carrier returns 
to zero. 

It is convenient to have a switch in the pressure line which can be opened 
the instant the acceleration has ceased, and the wattmeter is read. To find 
the distance required for accelerat'iou, if the paper is fed from an axle which 
is not driven by a motor, its rate of feed can be calculated or calibrated very easily 
by a f ow test runs between known distances. 

Xn making a brake test the pencil travels in the direction opposite from zero. 
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Here the time ifi noted as soon as the hand leaves zero until it returns again, and 
if the paper has progressed in a ratio to the movement of the car, this carve will 
give the relative braking effect of the shoes on the wheels. 

Where acceleration is to be determined on grades, the pendulum will draw 
curves on the paper proportional to the grade over which it passes; in this case, 
therefore, the zero is to be marked at the instant of applying the brake, and the 
braking effect refers to this zero and not to the level track zero. The same pre> 
cautions must be used in acceleration tests. 

When an ammeter is placed in series with both motors In an equipment 
(generally most conveniently done by taking out the fuse and substituting am- 
meter leads), the ammeter will show a large flow of current when the controller is 
put on the first point. This rush of current will not reach that which should be 
shown by dividing the line potential by the equipment resistance, due to the 
momentary inductance of the motors. As soon as the equipment moves, the cur- 
rent will be found to fall, due to the counter electromotive force of the motor 
armatures, that is, the armatures are revolving in their fields, and in them is 
induced a potential which in direction is against the potential of the current 
operating the motor; this produces a throttling action in effect like that of a 
resistance in the motor circuits. Due to this the resistance can be cut out of series 
with the motors as they rise in speed. 

The ideal acceleration is one in which a constant current flow would be main- 
tained through the equipment, and the resistance would be cut out as the accelera- 
tion increases the counter electromotive force of the motors (until the equipment 
has reached maximum speed). For methods of approximating these resistances 
for the different types of equipments and controllers, see under ** Equipment 
Adjustments.*' 

There are three methods that can be nsed for acceleration tests. One, the 
stationary current values, the time and total distance; the second, the fixed time 
between controller points, reading the current and total distance; and tHe last, 
fixed distance, current and time variables. 

The test track can be marked with eleven numbered stakes 100 ft. apart for 
1000 ft.. The track should be practically level. With high speed equipments 
a 1500 ft. stretch is necessary when the first method is nsed. 

The acceleration tests on an equipment with E^o (Controller and two 12A West- 
inghouse 80 hp. motors give the following results of current on each step: 

Steps: 123456789 
Bqnipment up to standard 68 85 26 2320 68 716852 

^ with baked fields in motor 120 97 85 84 82 180 100 95 90 

Banning alone with No. 1 motor 140 110 90 64 50 

" ♦* " No. 2 " 160 180 100 80 82 

showing the location of the bad fields in No. 2 motor. With a stop watch bad 
fields can be located by first running between fixed points, from 1000 to 2000 ft. 
apart, with motor No. 1 alone and taking the time elapsed between passing both 
posts, then going over the route again with No. 2 motor. The time to cover the 
distance should be the same for both motors if they are both good, or both burnt 
ont (which is rarely the case without the fuses going so as to indicate trouble). 
This is also a good test to discover whether the fields are properly connected up. 

In K type controllers do not use the loop around fields as these loops vary in 
resistance enough to affect the running times and thus throw suspicion on the 
ilelds. 
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MOTOR TSSTS >t>R BEPAIB SHOPS. 

The Pnmy bimke method is sometimes used wheie the eflcieiicy of the aiolor 
la to be determined. A double flsnged pulley, as shown in Fig* 58, Is bdtcd 
to the axle shaft, and OTer it Is fltfeed a short haid wood beam; a brske strap of 
xope or sheet iron lined with wooden shoes is smnsed so thst it can be Uclttafesd 
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or loosened by the nuts, 2> Z>, At a fixed distance ftom the center of the axis 
Is a notch, F^ in the lower side of the leyer which rests on a knife ed^e, as at 
G\ this is mounted on the platform of an ordinary weighing scales. This beam 
shoald be balanced so thst the end of the beam will not rest with weight on the 
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platform scales; rubber washersi W^ are interposed to deaden the vibration from 
^to the scales. 

The motor is connected up as shown in diagram, Fig. 50, the voltmeter aeroii 
the motor and the ammeter in scries with it. In addition, a tachometer is required 
to read the speed of the motor. The water barrel rheostat is best where the 
voltage varies, so that the test can be made under identical conditions of line 
potential by varying the rheostat 
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After switching on the current and starting the motor, any desired load can 
be obtained by tightening the nuts and drawing np the eye-bolts, thus Incrcasinfi: 
the friction between beam and pulley. If the horizontal distance from the center 
of the pulley to the bearing point of the beam on the scale platform wore equal to 
the radius of the car wheel the pounds indicated upon the scale would be the 
pull at the periphery of the car wheel for the current passing; if this distance 
were equal to four times the radius of the car wheel, the scale reading should be 

\rftOLUf 
cmcurr 




Fig. 00. 



multiplied by four to obtain the pull at the car wheel. By placing a tachometer 
against the end of the axle, a speed reading, usually in revolutions per minute, at 
any load may also be obtained. To calculate the horse-power dcyelox)cd by the 
motor for any given amount of current passing, proceed as follows: Multiply by 
two the radial distance in feet and decimal parts from the center of the pulley 
to the center of the notch on the beam and this result by 8.1416, which gives the 
circumference of the sweep of the beam were it free to move; multiply th's result 
by the revolutions per minute, as read from the tachometer, and the result ig the 
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speed in feet and decimal i>art0 per minate. Multiply this calculated speed bj 
the pTessnre the beam exerts against the scale platform, when balanced, and 
divido t!io result by 83,000, which gives the horse-power exerted by the motor; and 
diyiding the horse-power exerted by the horrc-powcr supplied (which Is obtained 
by multiplying the amperes and volts topjcther and dividing by 74C) gives the 
efElciency of the motor. In this is included the friction of gearing and axle. 

TXISTINO MOTOBS: MOTOB-DYNAMO METHOD, 

Here the Prony brake is replaced by another motor. Both motors should 
be coupled together by a chuck, which will slip over both pinions on the ends of 
the motor shafts with screws set down between the teeth on both pinions; the 
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motors wiill then rotate together. Fig. 60 shows a diagram of the connections 
required for testing two pairs of motors at once. With the switches closed, the 
Westinghouse 3 and the G. E. 1200 would be operating as motors and the 6. E. TOO 
and the G. E. 1000 would be operating as generators through the water rheostat. 
This test is used more extensively to determine the insulation resistance of the 
armature windings and as a running test for armatures rather than to mako 
efficiency measurements. 

The usual rule is to run each machine ten minutes as a motor and ten minutes 
as a dynamo; if no excessive sparking or other faults arise the armature is put in 
gtook for nse. The motor fields are best turned upside down, so that the brushes do 
BflA Interfere with lifting the armature to be tested in and out of its bearings. 

Ths different wavs of coanectini; up the potor are 9^T^n in Fi^. 61 Mk4 % 
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In Fig. 61 the field of the motor running as a dynamo is separately excited; the 
motor to excite itself as a dynamo has to he run in the opposite direction ftam 
that which it nins as a motor, or the field leads should he interchanged. 

Diyiding the kilowatts output hy the kilowatts input gives the total efliciency 
of the transforming system, including all losses in hoth motor or dynamo. The 
efficiency of the motor is greater as a rule when operating as a motor than when 
operating as a dynamo. 

To make detail tests on a motor, the dynamo should supply all the current 
required hy the motor, and the power losses should he compensated for by a 
aeoond motor, geared or belted to the motor generator so as to nm It fMter fhan 



TROLLEY 



^smrcM 





STARTim 
RfS. OR 
iYATSR , 
AHSOSTAT 

DYNAMO 
Fl£LD FfELD 



AMP£At 

MsrsH 

VOLT 
M€T£R 



COUPLED TOCin/ER 
MECHAMQALliC 

YtATER 
WEOiTAT 



GMURO 



Fio.ee. 



at its rated current and speed. A dynamo machine, when running At a ghmn 
speed, will not produce an e. m. f . as great as that which it will require as a motoK 
under identical conditions. 

Fig. 63 shows the diagram of connections employed. A (the dynamo) and 
B (the motor) have their armatures and fields in series and are connected so both. 
revolve in the same direction. 

The necessary increase in speed of A can be approximately calculated if the 
current, C, and internal resistance of its armature and field, a, are known; then 
« C is the drop in the machine due to the resistance. Let V be the desired volts at 
the motor terminals; the counter e. m;f. will be equal to V~^aC^ E, Letf 
be the speed of the machine when running as a motor with K. volts and current, 
C Since as a motor it generates a counter e. m. f . of i? volts and a« a genecttor 
tt produces K volts, then 
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.S* 1)emg the speed reqaired by this motor-generator so that the motor can operate 
from the current supplied bj the generator to which It is coupled. 
Mr. Parham gives the following method of carrying on this test: 
A and B have their fields and armatures in series, as shown in the diagram, 
and included in the circuit are a switch, A', and a variable resistance, R^ capable 
of carrying the machine's full current, i? exceeds the critical resistance of the 
machine for the given speed, so that upon closing A' the dynamo will not generate 
until part of R is cut out. Before starting a test it is well to determine the correct 
position of the rheostat handle for the dynamo to generate. 

On account of the ability of a scries machine to pick up rapidly as soon as it 
begins to generate, it is well to provide belt guards to avoid the annoyance of 
losing the belt under sudden overloads. A further precaution is to insert a light 
fus3 at the start, and then cut it out when the test is under way. If the motor 
shaft is arranged to be thrown in by a clutch the start is much smoother. In 
Btarting up, the machine is brought up to speed, K is closed and R Is slowly worked 
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out, at the some time i?'s field is weakened by means of the shunt, r, shown in 
Fig. 63. As soon as the ammeter shows ^ to bo generating, R must be very care- 
fully handled to avoid precipitating a heavy overload and thi^wing the belt. A 
will refuse to generate until a certain amount of R has been cut out, and will then 
pick up very rapidly. It is absolutely necessary that means bo provided for weak- 
ening the motor field, otherwise since the same current must pass through 
both machines, and since they run at the same speed, the counter e. m. f . of B 
will be the same as the e. m. f . of A and a load cannot be worked on. The 
shunt alTords the same regulation as obtains on a car, but has a dilTcrcnt relation, 
«n that on a car its value is constant and the speed is variable, while in this test 
the shunt is variable and the speed constant. 

A*^ current passing through B runs it as a motor, and helps to turn the sys- 
tem, thus lessening the demand on the supplier, which then supplies only energy 
enough to cover the losses, which may amount to from 23 to 85 per cent of the 
motor's output. After numing A for a stated time as a dynamo it is changed 
over and ran m a motor. This change is most rapidly effected by using a crossed 
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belt to reverse the direction of rotation; it Is then only necessary to move the 
■hunt from BXo A. 

To separate the different motor losses both motors are rnn by the operating? 
motor, first free with brushes out and no fields. The reading of an ammeter and 
voltmeter across the operating motor terminals will give the electrical losses in 
the operating motor, and the friction and air resistance losses of all the machines. 
Ilunning the operating motor free with belt off will give some of the losses 
which should be subtracted from the total input of the operating motor. 




Fig. 64. 



To determine more nearly ine true friction losses of the motors (the belt lofls 
is still included in the motor friction^ care should be taken that the two motors 
under test are properly aligned with no undue friction from coupling the 
shafts. Put in the brushes on both motors and read power input, and the differ- 
ence is the brush friction, which should be divided by two to find the brush 
friction on one motor. 

If the field 18 excited with different currents Independently, and trie power 
required for each degree of excitation is plotted between power taken and excita- 
tion current, the core losses at different outputs will be obtained. If a voltmeter 
U plftoed across the brushes «Qd the voltage is read for ^ach change in e3(cit«tloa 
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a characteristic curve can be plotted between excitation and open circolt voltage 
developed at the armature; the set can then be run as a dynamo-motor com- 
bination np to overload, the auxiliary motor supplying losses, with a constant 
current flowing through the system. 

Another important point is to hate the auxiliary motor calibrated so that from 
the current input the actual power output will be known, as the eflELciency and 
losses in the auxiliary motor are not proportional t»<the current changes. This 
motor should be calibrated with the Prony brake as shown in "Motor Tests,** 
so that a curve of actual output in horse-power will be known from the input 
in watts. 

abmaturb: testing. 

The armature may have the following faults, which can be located by testing: 
An open lead from the commutator to armature coil; an open armature coll; 
bars on commutator short-<sircuited; coils on armature short-circuited; ground 
on commutator; grounds in armature. 
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Fig. 6B. 

Fig. 64 show a contact bracket rig which sUpci over the armature shaft 
and can be revolved so that the different bars can be tested; besides this rig the 
test requires a low reading voltmeter, reading about 1.2 volts full scale, and two 
amx>ercs from a test bank, which is all the current necessary. If the brushes 
on the teat rig are so located that four commutator bars are between these 
brushes, the best average conditions for testing the different railway armatures 
in use are secured. The current is carried through two brushes and the other 
two take the drop to the voltmeter. 

In case of open lead at A (Fig. 65) the bank will go out and the current brush 
will flash when passing to that commutator bar, but it will also be seen that the 
circuit is completed to ground throush the low reading voltmeter so that armatarct 
tested for broken leads to commutator should be tested around the commutator 
by the lamp bank only flrst. Then the pressure brushes are lowered and the 
armature is again slowly revolved and the dcUcction on the voltmeter watched. 

If there is a break in the armature winding, as at ^, the drop on the volt- 
meter will increase greatly beyond the normal drop for four bars, for the reason 
that all the test current has to follow from one brush to the other through the 
"Windings of the armature external to the brashes. 
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The voltmeter will fall again to normal readings when the bar connected to 
the broken coil passes beyond the test brashes. The bar can be located in this 
way and marked. 

A short circuit between two commutator bars or windings will show a lower 
reading than normal when the commutator bars to which the windings are con- 
nected are between the test brashes, and can be located when passing from nnder 
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the test brashes by the voltmeter reading jumping back to normal again. To 
determine whether the short is between the bars or the windings, the adjacent 
bars should be short-circuited by a copper bridging piece, when the defective 
part of the armature is between the brushes. If this changes considerably the 
reading on the meter, the short between bars is in the armature. If no change 
is made the short is in the commutator. For thcae two testf ^^^ ^^^t last, 
which is the most expeditious and searching for shorts in armatoiN. 
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For the location of gioandB the connectlona, as ehowa la Fi|t. 65, an 
dumped bj tsur^^jg the cnirent throogh the armatare and then to the Kronnd 
with a 500-Tolt Tolfcmeter in aeries. A ^leen armature shoald not measure less 
than 75,000 ohms (See Insulation Test b j Voltmeter Method^ and a baked anna> 
lure shoald be oyer 1^ million ohms, or 1^ mej^hms. If the insulation rises 
on the application of the testing current it Indicates the presence of moisture, 
while if it falls, a leak through a charred insulation is probahl j present. If the 
voltmeter shows nesrl j normal volts then the ground can be located In the f ol« 
lowing way: 

Pass the bank current through the commutator to the shaft and also connect 
across these points a voltmeter reading the drop between the commuutor and 
shaft; cany the contact and voltmeter contacts slowly around the commutator 
and watch the voltmeter drop, when this has reached its lowest point, and rises 
In volts again then the commutator bar connected to the grounded coil Is 
located. Several grounds may exist, and can be picked out In this way by 
following up each one separately. 



INDUCTION METHOD OF TESTING SHORTS ON THE 
ASMATURE, 

For this apparatus working drawings are given in Fig. M, which shows a 
framework made of angle iron mounted on throe rollers. The testing trans- 
former in made of laminated iron about ^ in. thick and of the shape and size 
;hown in Fig. 66; this is adapted to test O.B. 800-1000-1200 and No. 57, and 
Weatinghouse No, 8 and No. IS. The magnetizing coil is made as shown In 
Fig. 66, and wonnd with 1210 turns of No. 18 B. & S., D. C. C. wire. The curved 
face of this transformer is adjusted by a hand wheel and screw so that it can be* 
shoved up against the armature before the latter is removed from the winding 
bench. 

The body of the armature completes the magnetic circuit of the transformer; 
the armature is then rotated by hand in this field. If any two windings are 
short-circuited and are within the influence of this varying magnetism, a local 
induction circuit is created which causes a vibrating magnetic flux in the teeth 
of the armature included in the short circuit; this is discovered by passing a 
thin strip of iron around the armature, which when over a short-circuited coll will 
vibrate in unison with the alternating current supplied the transformer. There 
will be two such points in the armature at a quarter from each other when two 
adjacent armature coils are short-circuited, but at four points when the short Is 
between the commutator bars in a four pole cross-connected armature. 

The current for this testing device may be obtained from a railway motor 
(an old style one will do), changed over for this purpose. Two slip rlpgs should 
be secured to and insulated from the shaft, and connected to the windings 
of the armature. The connections in a two-polo motor should be located one- 
quarter of the circumference of the armature from each other and in a four- 
pole motor, one-eighth of the circumference apart. The motor should then be 
wonnd with a shunt field of fine wire. With a two-pole motor a speed of 1400 
r. p. m. gives a good frequency to detect these crosses. 

The armature room should be wired for this current over the winding 
benches, and flexible cords with attaching sockets located at points convenient 
for connecting to the testing device. While on the winding bench an armature 
can be tested by this method in loss than one minute. 
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FISIJ) T£STS. 

In fields the fault moBt generally looked for is a short circuit between the 
layers. This may be caused by charred insulation from overheating, or by a 
breakdown in the insulation between the windings. 

A field coil should never measure more than 5 per cent under its standard 
resistance; annealing will account for this diUcrence in some copper wire. A 
field may be low for the reason that turns are shy or have been cut out in repairs, 
both of which are bad practices, and should not be used where the best service 
from the armature is desired. 

The most treacherous defect in the whole equipment is a baked field. These 
will test O. K. when cold, but when hot will show the defect ; this is due to the 
expansion by heat; the convolutions are brought into more intimate contact 
and turns shorted out. 

For testing a cold equipment the connections are shown on page 31. While 
the current passes through the field, if mechanical pressure can be brought to- 
bear on the cover or spool face so as to bring the wire in the field windings into 
close contact, and the reading on the voltmeter changes, this will Indicate at 
once that the field is baked. 

When testing separate field spools that have been uSed, always stand on 
them, when, if they are baked, they will show change in resistance due to shorts 
set up in the coil due to pressure. 

The method of testing for field grounds in the equipment, is already given 
in Equipment Test pages 60 and 51. | 

CONTBOIiliEB T£ST. ^ ! 

The test on the controller consists of locating grounds and shorts. A ground 
can be located after first disconnecting the controller from the equipment and then 
testing for grounds the same as in the case of the equipment ground test. 

When the controller is disconnected from the equipment each clip has to be 
tested separately for grounds and different portions of the controller cylinder to 
see that the contact rings are not connected with each other. The test can be 
carried out by a magneto or a series of five lamps or a Weston volt meter in series 
between the line and the clips, having the other side of the line connected to 
the controller back. In some typos of controllers the ground is permanently 
connected to this back frame of iron, which connection should be removed before 
attempting to locate other grounds. 

BHBOSTAT TESTS. 

Testing the rheostat for resistance is done in exactly the same way as that 
shown for fields. The resistance is measured on each step by connecting the 
voltmeter leads to the terminals of each step when a known current is flowing 
throu:;h the whole rheostat. 

For locating an open, connect the rheostat between the lamp bank and 
ground. Then take a piece of wire and bridge or jump around the open, reducing 
the span of the bridge until the break is located between the bridging wire. 

Grounds on the resistance can be discovered in the same way as given for 
controller test. 

TEST ON RAIIi$. 

According to D. E. Clark the usual tests for steel tramway rails are;— 
3reaking stress (tensile), 87 to 43 tons per square inchi 
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XkmgatMMt in length of 8 inches, at ]e*st IS iter eeat. 

Contnctian of nectional aren, at least 80 per cent. 

A pieee of laU 5 feet Ion?, on supports S feet tpait, to mist a hlow floa 
weight of one ton falling on center from given height wlthont caasing more 
than 1 inch deflection; a second blow from another gtxen height withont exhibit* 
ingsignoffractnre. Hie height of drq^ of flxst and second blow are detemined 
by the following table. 



Weight of Ban 
per yard. 


Height of First 
FaUinfeeU 


"•^^^sr* 


aoto 70 
TO " 80 
80 " «0 

90 " 100 • 


6 

r 

8 
9 


16 

mi 



POUS TESTING. 

The method nsnally given to test a pole Is to set It the proper depth In the 
gronnd, apply a tackle to the top and draw it np with a given tension, noting 
the deflection. The tension is nsnally applied at an angle from the ground, 
and is borne partly by the pole longitudinally and partly by the spring of thA 




Fie. 68. 



pole. The ratio of the two depends on the angle of application. Any yielding 
in foundation is liable to be charged to elasticity. If the pole it planted In 
cement, several days should be allowed the latter to set before the tost, which 
makes a rather lengthy affair. I have found that the following will give all 
the practical results necessanr and can be readily constructed and calibrated 
on the spot. See Fig. 68. For this testing rig two of the largest and most sym* 
metrical i>oles are selected; they are then laid by the side of each other tnd 
separated far enough apart to allow any of the poles to be tested to lie between * 
them. They are braced together at two points, the distance a, from the bottom 
of the foot brace to the top of the head brace, to be the depth of setting to be 
employed for the pole. Sufficient area to these braces should be given at // so 
that the strain applied will not crush the fiber of the pole under test. A 12-in. 
tombnckle, and a l;d0 steelyard, with a 100-lb. weight, completes the otttflt. 
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One arrangement can be made as above. The weight on the steelyard is fixed, 
and, after the bridle is put over the pole, the tnmbnckle is tightened until the 
steelyard is balanced. When the specified tension is applied, the deflection of 
the pole is measured by a mark on a board opposite the pole under test. 

This deflection is composed of the yield of the braces and the flexibility of 
the crib, but the pole on returning will show the permanent deflection which 
will be the difference before and after strain. 

Iron poles can be tested by the same method l)y substituting an iron pole for 
the wood, and the steelyard should be provided with a set of weights, so as to 
reach a 2,000-lb. strain, where extra heavy poles are to be tested. 

OEMUNT TESTING. 

A rough way to test the quality of cement is to take two batches of about a 
handful each, mixed with as little water as possible, and make'them into cakes. 
Put one of these cakes in water and the other in air. If the cake in the air dries 
with a light color without any particularly well defined cracks, and the water cake 
sets with a darker color and without cracks the cement is probably good. If the 
cement cracks badly in setting, or if it becomes contorted (sometimes called 
blowing), it is poor and should be rejected. 

Kidder gives another simple test for the soundness of cement. This is 
to place some cement mortar in a glass tube (a swelled lamp chimney is excellent 
for this purpose) and pour water on the top. If the tube breaks the cement is un- 
fit for use in damp places. Any natural cements that give satisfactory results 
with these simple tests will answer for making mortar for any ordinary building 
construction. A good cement will not expand, contract, check or crack when 
setting. Where great strength is required in the mortar it is better to nse 
Portland cement, but if for any reason Portland cement cannot be obtained or its 
price prohibits its use, the strength of the natural cement should be carefully 
tested in the manner described. Clear Bosendale cement one week old in water 
should have a tensile strength per square inch of at least 60 lbs., and the best 
brands should average 100 lbs. 

Measoringr Fineness: "The degree of fineness of a cement is determined 
by measuring the per cent which will not pass through sieves of a certain num- 
ber of meshes per square inch." A cement that will pass through a sieve of 
2500 meshes (No. 35 wire gage) with only 5 to 10 per cent residue is sufficiently 
fine for any building construction. 

TEST FOB OYEBHIIAD UNE INSUIiATION. 

Testing for overhead line insulation is best done by clamping to the trolley 
pole, near the harp, two blocks of fiber to which are attached two strips of 
phosphor bronze. The latter should project beyond the trolley wheel, far 
enough to come in contact with the span wire, and as the car passes along 
these flexible strips should make contact with the span wire. Then connect a 
500-volt voltmeter between a lead from the strips and the ground so that only 
such potential as can leak through the trolley insulator can deflect the voltmeter. 
If the voltmeter is calibrated in insulation resistance in a way similar to that 
described in the section on testing equipment, the resistance can be read in 
megohms as the car passes slowly along, striking each span wir«. 
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HIGH TENSION INSUlJkTOB TESTING. 

As the potential on a line increases, the tendency to loss by leakage increases 
in a ratio varying nearly as the square of the potential. This is the case with bare 
conductors, but when insalated conductors are used losses by leakage increase 
less rapidly, on account of the combined effect of the two insulations. The in- 
sulation i^orded by an insulator varies with the moisture in the air, dust, tem- 
perature, and other climatic conditions. 

If the material forming the body of the insulator is a good insulator, the 
loss on each insulator is a matter of surface leakage. In the design of insulators 
and the securing of the conductors to the insulator, the subject of areas of 
leakage is not usually given proper attention. The external surface of an insu- 
lator once determined, the value of this surface as an insulator can be computed 
approximately by ascertaining what is the cross-section and length of a film 
of moisture which could be deposited thereon. The linear distance from the 
point of connection with the conductor to the point of contact with support- 
ing pin multiplied by the mean circumference of this path, will give a compara- 
tive value for insulators of the same material which will vary as their insulating 
qualities. The insulating values of these leakage surfaces vary with the 
exposure to the weather. The external surface of a bell has in damp weather 
no appreciable insulating value, but the petticoats provided underneath the bell 
maintain the insulation. 

It is hardly possible to pierce insulators made of glass by increasing the 
potential, as they will withstand a potential which will flash over the external 
surfaces and arc between the pin and conductor before the glass is actually 
pierced* The glass surface on being exposed to rain is serrated and grooved, due 
to the solvent action of rain water on silica, and these roughened surfaces 
allow the lodgment of dust and soot, which forms a partial conducting medium, 
and reduces greatly the effective insulation. A test made on forty glass insu- 
lators, representing a mile of line, after being dipped in water once and a little 
dirt removed, gave a resistance of 23,229 ohms per mile. After being dipped four 
times this resistance increased to 56,400 ohms. With new insulators and pins 
06,600 ohms per mile was found. 

With high tension currents, particles of moisture are repelled from the 
conductor electrostatically, and foggy weather, for this reason, does not bring 
down the insulation of the line as much as on telegraph and low potential lines. 
When a leak over the surface of an insulator is established, the current flow- 
ing over this leak raises the temperature of the insulator and dries up the con- 
dnctor moisture. 

Power transmission lines require the stringibg of wires of considerable 
weight per foot, and the fragility of glass has made it an uncertain mechan- 
leal support for these conductors when under tension. It is very important 
that the conductor should never touch the cross-arm or pin, as the leak will 
probably bum up the pole if of wood, and if of iron, it will cripple the conductor 
system. Porcelain, when used for the body of the insulator, possesses more 
mechanical strength and the surface of porcelain when good, weathers exposure 
without deterioration. In the clay from which these insulators are made, a 
large proportion of American kaolin should be avoided where the insulators are 
to be used for high tension work, as these clays are too refractory to completely 
coalesce or vitrify when fired, and consequently thoy lack homogeneity, an 
eaeential quality in a high potential insulator. 

Semi-porous insulators can be easily detected by applying aniline ink to • 
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fractured sarface. If porons, this Ink will be absorbed into the porcelain, but if 
thoroughly vitrifled, the ink can bo washed off without leaving any atam. This 
test should be tried on the thicker portions of the body of the insulator, as they 
may not have been vitrifled, while the thinner portions reach sufficiently high 
temperatures to be vitrified. 

The specific insulation of porcelain is less than that of glass, and being 
opaque, it affords a good harbor for the nests of insects inside the insulator; but 
on account of its superior mechanical properties, it is used on nearly all the 
transmission lines in America employing. hi~h potential. 

Insulators for high tension lines should be tested individually at at least four 
times the electrical pressure under which they are to be used. This will probably 
give a factor of safety of 16. 

The method of testing generally adopted is to insert the insulator head down 
In a shallow pan, into which is poured Bufficient solution of bicarbonate of soda 
and water to reach above the groove for the tie wire. The same solution is 
poored in the hole for the pin, and in this is inserted a metallic wire which forms 
one terminal of the high potential circuit, the other being connected to the pan 
on which the insulator rests. The testing potential applied should be of the 
iame character as that to be used on the transmission lines. A metallic con- 
ductor connected on the outside of the insulator, in the same manner as used in 
the transmission line, and the insulator screwed down with a metallic pin, 
reduces the area of contact, bo that the insulator will stand a much higher poteni' 
tial than in the test given above. When in actual practice this conductor is sup- 
ported in the rain on this insulator, the area of contacts will be much greater than 
in the dry test. The insulator should be submitted to the testing potential for 
some time, as for a few moments It may stand a much higher potential; but it is 
under a stress which reduces its insulating values, and if applied long enough 
may break down the insulator. Ten minutes should certainly determine whether 
this fatigue would reach the rupturing point. It is hardly advisable to place any 
insulators on a high potential line without first testing them individually, for 
the reason that in the formation of the insulator in the mould, the clay has to be 
moulded under a uniform pressure. If this pressure is not distributed through- 
out the clay while in the mould, it will cause the clay to be of unequal density 
throughout the body of the insulator, which will result in unequal shrink- 
ages while firing. These differences will cause small fissures through the 
body of the insulator, and this inequality will lead to a breaking down under 
the potential test. This condition is not evident from external inspection. The 
final glaze on an insulator should be entirely burnt into the porcelain Itself. If 
too much glaze Is put on it is worse than none at all, as this glaze has all the 
characteristics of a glass surface. 

When an insulator breaks down under a high potential. It Is actually punctured 
by the current, which usually pierces between the pin and the external surface of 
the insulator. Under 60,000 volts, a poor insulator will explode with some vio- 
lence. 

The open double petticoat insulator was found to dry more rapidly than the 
closed single petticoat insulator, but during actual rainfall the insulation lost >iy 
the double petticoat form Is greater and more rapid than that of the single form. 
In order to break the conducting film of moisture on the surface of an Insulator, 
several methods are used; one is to have an Internal groove in which oil is 
poured. Thia interrupts the continuity of the moisture film and improves the 
insulation. Lining the top of the petticoat with paraffin has also been tiled 
With partial success. 
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Another feature of design of these inaulaton for hig'i tension work it to 
make them helmet shape, the rim of the helmet beinji: over th ? croes-arm, so that 
water dropping from this Insolator will not fall directly on the cross-arm, and 
spattex moisture underneath the insulator. The greatest leak on transmis^ioc 
lines occurs during fogs, and the greater the change in temperature, under f o;:^t 
conditions, the greater the leak. The insulation of a line rises as soon as rain 
begins to fall. 

The method of securing high tension lines to their insulators is to provide a 
groove in the top of the insulator, in which the conductor rests. The conductoi 
is held in place by a tie-wire, the object of this wire being to hold the conduc- 
t^r •:*! the groove, and yet allow of contraction and expansion of the conductor, 
without bringing additional strains on the line. 

I^ins.— Wooden pins are as a rule preferred for supporting these insulators. 
They bliould be made from split locust and their values as an insulator are in 
crea.-c J by being boiled in paraffin. 

£c::.e tests on the leakage of croes-armB, made in New York City, are given, 
hnt in iLe test the length and dimension and method of test of the cross-arm are 
liot L tut.d; consequently, the results are only comparable among thentselves. 

Ohms* 

All four surfaces wet with sponge 8,190 

Soaked one day, left to dry one day, and then wet 2,680 

Painted three years before test 0,180 

Same washed 9,180 

Very dry 11,000 to 880,000 

Newly painted 7,814 

Unpalnted for many years 4,800 

Same after being well washed 18,668 

Same after being well dried 80,000 

Aims and pins together (wet) 8,680 



TBSTING DYITAMOS. 

After the erection of a dynamo and before it is put into service, the following 
te(^t« should be made in order to locate a misconnection, an improper field spool or 
defective insulation. Without tliis precaution of testing the dynamo, faults may 
develop which will seriously injure the machine when put into service. 

Taking a multipolar direct-current generator for example, proceed as follows: 
Pass a known current through the field coils and measure the potential drop across 
each coil. These drops, in a properly constructed machine, are equal. The current 
in adjacent magnet coils should circulate through the windings in opposite diree. 
tions, and, if facing the south pole of the magnet, the current will pass around the 
convolutions of the field winding in a clockwise direction. In order that these con- 
ditions may obtain, the inside layers of two adjacent coils are connected together, 
then the outsides of these same coils are connected to the outside layer of the next 
adjacent coils, and 00 on around. If the field windings are connected In multiple, 
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the inside end of every alternate magnet coil ehonld be connected to one of the 
main field terminals, and the intermediate field magnets should have their oatside 
ends connected to the same field terminal. If these connections are made, current 
from some foreign source can be passed through the magnet coils and their polarity 
determined with a compass. Care should be taken not to bring the compass too 
near the the field because the magnetism in the compass needle may be reversed. 
In a properly connected multipolar machine with a compass taken around the out- 
side of* the frame, the needle should make a complete revolution when passed over 
the ends of any three consecutive magnets. 

If there is any question about the inside and outside ends before connecting the 
field magnet coils together, it can be determined by the same means, i. e., sending a 
current through each magnet coil independently and using the compass. The in- 
sulajtion resistance of the field magnet winding should be determined by disconnecting 
one end of the exciting circuit and connecting a voltmeter of known resistance 
between this open end and the frame. With a known initial potential, a known 
voltmeter resistance and a given deflection use the formula on page 41 to determine 
the actual insulation resistance. 

In generators. of 500 volts and under, two megohms is a fair value for insulation 
resistance, but in a good field winding it should attain values as high as five or eight 
mcigohms. If it is lower than two megohms, which is possible in newly erected 
machines, due to the moisture which the wrapping and insulation absorbs; the 
damp spools can be placed over a boiler, if kept dry, and their temperature not be 
raised over 1^ degs. Fahr. ; or a current can be passed through them for a time 
sufficiently long to drive off the moisture. After one or two hours of this treatment, 
their insulation to base should be tested again. If this insulation resistance has 
fallen it may be due either to inherently poor insulation or to the moisture not 
being completely driven out. If the insulation resistance has risen, the coils should 
be allowed to cool, and the resistance again measured; if it is greater than two meg- 
ohms, it should be allowed to pass, but if still low, the field coils should be discon- 
nected and each one tested for a ground, and if the poor insulation is located in any 
one field coil, it should be baked. If the insulation in all the field coils is low, all 
should be baked again for another hour, and then another test be made. This bak- 
ing process will not be of much service unless the generator is in a dry and protected 
place. Where there is escaping steam or in a new building, it is hardly possible to 
raise the insulation until the building and dsmamo have thoroughly dried out. 

Field windings can be tested for insulation by a break down test as follows: 
With the normal current flowing through the field winding, connect one leg of the 
circuit to the frame, and break the circuit connection with the field magnet This 
test should be x>erf ormed upon each leg of the circuit. A field discharge produced 
from severing the field circuit will tend to puncture the insulation on the field 
magnet spools, and it is a condition which may arise at any time when the field 
circuit is broken on a machine. 

In a multipolar machino the armature should be symmetrically placed with 
regard to the bore of the fields, that is, there should be an equal clearance between 
the field magnets and the armature body. The brushes of the same polarity should 
not at first be connected together, but all of them should be let down on the com- 
mutator with a weak field on the machine. Potential measurements should now be 
made across each pair of adjacent brushes, and these potentials should be equal for 
each set of brushes. If they are not equal there Is an unsymmetrical distribatloii 
of magnetism, and if this amounts to more than one per cent, from the normal 
voltage of the machine, the armature should be moved towards these pole faces be- 
tween which the low potentials were found, until the difference is equalized, pro- 
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Tided that the previoas measarement of the drop on all ftddB showed them alike, and 
that the construction of the machine allows of this being done. 

If a corrent is passed through the windings of a symmetrically connected arma- 
ture, the difference of potential between an equal number of consecutlTe commuta- 
tor bars should be the same. If the brushes are now set on the commutator, and 
current passed from one t^mlnal of the dynamo to the other, it is evident that if 
the sections of the armature, which are included between the brushes, are equal in 
resistance, the distribution of current from one brush to the other, either in a multi- 
polar or bi-polar machine, will be equal ; and the drop between an equal number of 
segments, between any brushes, should be equal if the brushes are symmetrically 
set. A milli-voltmeter wiU show whether the setting is one bar out, if for genera- 
tors up to 800 K. w. a testing current of five amperes is used. 

The insulation test of the armature can be made in the same way as that described 
for the field test, i. e., by inserting a voltmeter in one lead of the dynamo and con- 
necting the other lead to the frame of the dynamo and applying and e. m. f . across 
the terminals. The brushes should be down, and field connections and all leads 
that connect with circuits external to the dynamo, should be disconnected, so that 
only the insulation of the annatnre, brush rigging and connection board are under 
test 

In first starting a niew machine, it is advisable to run it for several hours 
at full speed in order to get the bearings in shape and alsd to dry out the armature. 
During this run the bearings should be watched carefully, because poor oil, grit in 
the pillow block, poor alignment, sprung shaft, all tend to make the bearing heat 
from undue friction. 

^o charge the field magnet, where there are sources of potential external to the 
generator, the current can be passed through the field magnet windings which 
should be disconnected, and independent of the armature circuit. If this dynamo is 
to be connected in multiple with others, one leg of the dynamo switch should be 
bridged with a piece of fuse wire, and the other side should be bridged with a lamp 
or voltmeter. If, when the potential rises on the machine, the lamp fades out or 
the voltmeter point falls to zero, the potential of the machine has the proper polarity 
and value for throwing in with other machines. If the lamp increases In brilliancy 
or the voltmeter reads beyond the initial voltage, either the field terminals have to 
be reversed (providing the machine is separately excited) or the dynamo leads will 
have to be reversed, in order to obtain the proper polarity. 

Where there is no current available that can be used to excite or charge the field 
magnet the following methods can be used, if the machine does not excite when the 
fields are connected directly across the brushes and the armature is up to full speeil. 
In placing the field windings directiy across the brushes the best way Is to cut out 
the rheostat by looping the wires to the rheostat and the lead resistances. In case 
the machine does not excite recourse may be had to the following: first move the 
brushes away from the neutral point, then slowly move them back again ; strike the 
field with a hammer; press the brushes down hard, especially if of carbon; sand 
paper the commutator ; and if none of these methods succeed, fiashing will have to be 
resorted to. In order to perform this operation hold one end of a piece of wire on 
one brush, and strike the brush of opposite polarity with the other end of the wire. . 
This will in some cases start the machine. Holding the brushes on the loop and 
suddenly vrithdrawing the connecting wire will sometimes jump the current through 
the field circuit. Sometimes short circuiting one coil of a bipolar field magnet, or 
several field coils in a multipolar machine, will reduce the resistance of the field 
circuit, so that the residual magnetism will be sufiicient to start the building up ot 
the flux. Large machines will very often build up slowly, taking ten or fifteen 
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minutes before a noticable rise in potential has been created. After the machine 
has come up to voltage, bring the brashes to the point of least sparking, and let it 
mn in this position for several minutes, even if the commutator sparks badly, which 
it will probably do. The loop between the leads to the rheostat can now be cut and 
the rheostat resistance inserted and the machine voltage controlled. 

If none of the above methods are successful the indications are that the e. m. f. 
generated across the brushes tends to demagnetize the field and that the fields are 
not properly connected with reference to the brusnes. Reverse the field connections 
and repeat the above methods of inducing excitation. 

If the field test, as described above, has not been previously made, there may be 
a poor field connection which can be eliminated by looping out the different fields. 
If the generator has been assembled so that the magnetic circuit contains imperfect 
magnetic joints difficulty will be added to the starting of the machine. All joints 
in the frame should be clean and bolted up tightly. 

Curves obtained by plotting the relation between the current and the volta^ ' 
generated by the machine are called dynamo characteristics. These characteristics 
give an indication of the performance of the dynamo, in the same way as steam 
indicator cards indicate the performance of steam in the cylimder of the engine. 
An analysis of these characteristics gives some of the electrical constants of the 
machine. In a shunt machine two characteristics are usually taken, namely: the 
internal and the external characteristics. The former is a curve plotted between the 
current which flows through the field magnet coils and the resultant potential gene- 
rated across the brushes of the machine when running at a constant normal speed 
with no load. A number of readings of the voltages and the resultant e. m. f . are 
taken while gradually increasing the current: if the voltages are laid out along the 
vertical lines on cross section paper, in height proportioned to their values, and the 
currents laid out along the horizontal lines in the same ^manner, for any set of 
simultaneous readings, there will be located on the cross section paper a point at 
the intersection of these two values from the horizontal and vertical scale. A num- 
ber of these points plotted out with the field current gradually increasing to the 
maximum and then gradually reducing to zero, will form a curve which is known 
as the internal characteristic of the dynamo. 

The external characteristic is a curve plotted from values obtained when the 
machine is worked on external variable resistance. These values are the current 
delivered by the armature and its e. m. f. This characteristic has no great*practical 
bearing, as a dynamo is usually required to deliver a variable current at a constant 
potential, or a constant current at a variable potential. 

There are two characters of tests carried out on dynamos: one to determine 
whether the dynamo has been properly designed, and the other to determine 
whether a properly designed dynamo has been built to meet the specifications under 
which it is sold. 

A dynamo is generally delivered on the testing floor completely assembled. 
The voltage, current output, efficiency and heating limits are known. 

Assume first that the simplest form of test is to be made: a generator driven 
by a motor, to which it is belted or directly coupled. In a complete test the first in 
order is the insulation test of field and armature windings, according to the methods 
given on page 90; next is to determine the field winding resistance, which is accom- 
plished by passing a known current through the field coils and taking the drop of 
potential across the terminals. Current in the field coils causes the poles to become 
magnetized, and should the normal field current be suddenly broken, the high self- 
induction of the coils would cause a strong current to flow for an instant in the op- 
posite direction and might result in a complete demagnetization of the poles or 
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< TMnperatora.- 

Tlme. Yotts. Amqperes. Watte. Air. Field Surface. PoleFMa. TokaJ 

If the temperatoie is also to be measured by the increaae In restatanca of tha 
fleld windings, then the voltmeter and anuneter can be substltotsd for tha watt- 
meter. A rheostet sboold be provided so as to keep the watts lost in the ftald cii«uit 
constant, because this loss will gradually decreaae as the temperature riaea. It 
tskes about three hours for machines under 10 x. w. capacity to rise to their mait« 
mum temperature; four hours for machinee up to 980 k. w., and five honie for 
1000 K. w. and upwards. In a dynamo with ventilated type of armature, the tempera* 
tnre of the field structure and armature does not rise to ite maximum value until ten 
to twenty minutes after the machine has been shut down ; accordingly for the purpoaa 
of determining the proper amount of power that can be dissipated in a field drouil 
and the temperature kept within steted limits, the stotio tost is the moet reliable. 
The readings should be taken at frequent intervals during the tsat and can be 
plotted in the form of four curves between watti and temperature. The area in 
square inches of the field spools being known, the watte delivered to the field oiroult 
can be divided by this area and the watte per*square inch of spool surface obtained, 
which is the basis upon which field spools are generally designed. It Is also advit- 
ble to plot the curve while the test is in progress, for as soon M it beoomsa a 
straight line the temperature of the spool has reached the point at which It can 
dissipate the energy as fast as received, or the maximum temperature haa been 
attained. This condition is also indicated by not requiring any change of the rheo- 
stet to keep the watts constent. 

To calculate the temperature by the resistance increase of the field circuit due 
to the temperature co-efficient of copper (see teble), and note between the tempera- 
ture cold and the maximum temperature what per cent. Increaie the copper would 
have; then the resistance cold to the resistence hot. To take temperature alone by 
the resistance increase for copper, the rise in resistence is 0.8KH 'or each degree rise 
Fi^r. and 0.4% for each degree Cent It will be found that M a rule resiitano« 
teste will show a slightly higher temperature because the inner oonvolutiona dieei- 
pate the beat more slowly than the external convolutions. The field spools ihould 
always be tested with the wrapping and finish that they receive when sent from thi 
•hop, as they materially retard radiation of heat generated in the field winding. 
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If it is required to find the uamber of turns in a field winding, the wire being 
drawn to gauge and the resistance determined as above, the number of feet of 
wire on the coil can be found, and if the inside and ontside diameters of the 
winding on the spool are known, the diameter of the mean turn is the sum of the 
onteide and inside diameter divided by 2, and this diameter multiplied by 8.1416 
will give the length of the mean turn, which length divided into the total length 
of wire will give the number of turns of wire on the coil. For the inspection of 
field coils for symmetry see page 89. 

The ne-t step is to operate the dynamo. Its perfect mechanical operation 
being assnred, the field circuit can then be connected across the brushes or brash 
busses. If it is a multipolar machine, inserting in series a field switch and a field 
rheostat of full current carrying capacity, a resistance equal to one-half the 
resistance of the field magnets is generally ample. When the brashes are adjusted 
the field switch can be closed, and if the commutator sparks at the brashes the 
brash can be shifted to the point of least sparking. 

After the generator has been excited, the next question is the method of 
obtaining a load, or a method of absorbing the energy developed by the generator. 
This may be taken up by a wire rheostat, preferably made of galvanized iron wire, 
(for capacity see p. 26) where the output of the generator is only several kilowatts. 
This rheostat can be further Increased in capacity by monnling on a wooden 
form and immersing in running water. A lamp bank can be used where a number 
of lamp sockets are arranged in convenient multiple arc circuits, terminating in 
plug switches, so that they can be cut in or out to adjust the load. Lamps give the 
most steady load attainable. 

When the test is to be carried oat where the general methods of taking ap a 
load are not convenient, the water barrel rheostat, when heated by the passage of 
current, becomes very steady and the current can be varied in several ways. The 
trouble with the fumes is greatly reduced by patting in common salt or bicarbonate 
of soda. If two plates of ^in. sheet Iron about 10-in. x 24-in are used as electrodes 
they can both be mounted together on a wood frame that will go into an oil barrel, 
or one sheet can be secured to the inside of the barrel and the other sheet be pro- 
vided with a handle so it can be moved ap and down for regulation. If supplied 
with enough water to keep it at boiling point one barrel will have a capacity of 120 
amperes at SOO volts. A namber of these barrels can be used in multiple to take up 
larger loads. Where a permanent rhegstat is required for factory testing the form 
shown in Fig. 69a is that most largely used. A long length of 9^- in. iron pipe with 
water flowing through it makes an excellent method of dissipating energy for 
large railway machines, where the current goes up into the thousands of amperes. 

The above are methods where the current output is absorbed. Several methods 
will be explained later where the generator output is used to help drive the 
generator under test. 

Continnlngr th« Test on the Generator.— After it has been excited and 
the voltmeter shows that it responds to the changes of the field rheostat, a load can 
be gradually worked up on the machine until full load is reached and the brashes 
adjusted to the least sparking point; or if the design is poor, to the point where 
the spark gives the least wear on the commutator. Under potential measurements 
the method of finding this point with the voltmeter is given, as is also the method 
of determining the distribution of potential around the commutator. 

Another test should be made on the armature to find its resistance from 
commutator bar under one brash to the commutator bar under the next bnuh of 
opposite polarity. In a bi-polar machine the current can be passed from one braih 
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to the other and drop wires held on the bars through which the current is intro- 
duced into the armature, and the drop leads on being connected to a low reading 
voltmeter will give the volts lost in the resistance of the armature, and this, divided 
by the current flow, which will be shown by an ammeter in the test current circuit, 
will give the effective resistance of the armature. To ascertain the temperature of 
a hot armature the rise can be estimated by taking the resistance cold and then hot 
and computing in the same way as that given for field coil tests, page 98. 

In tiking data for the saturation curve connect in the field circuit in series with 
a rheostat a field switch and an ammeter. Across the field terminals connect a 
voltmeter, also connect a voltmeter across the brushes of the machine. With no 
load on the machine it is brought to full speed with all the resistance of the regu- 
lator in circuit This resistance must, as a rule, be higher than the working 
rheostat supplied with the generator in order to reduce the field and get the low 
points on the curve. The log for the test is as follows : 

Speed. Volts (field). . Amperes (field). Volts (armature). 

The speed is kept constant and the first reading taken with the field circuit 
open. If there is a permanent field the e. m. f . across the brushes is plotted on 
the volt scale above the origin. The field circuit is now closed with all resistance 
in series and all instruments read, and then the resistance is reduced slightly by 
manipulating the rheostat and readings taken again and noted. This process, is 
continued by suitable steps so as to get enough points to form a satisfactory curve 
up to the full e. m. f . for which the machine is designed ; and sometimes the test is 
carried on until the field rheostat is completely cut out. The form of the curve 
gives the magnetic permeability of the field frame and armature and is important in 
det^mining the regulation and leakage on the machine. 



FOWfiB STATION TESTING. 

It is important to determine the economy under which a station operates 
under the various loads, management of boilers and engines, and the loading of 
different units. Such data are essential in order to determine how to beet operate 
the plant for maximum efficiency. 

Coal.— The weight of coal that is burnt under the boilers can be readily de- 
termined, and when only a temporary test is to be made, a platform scale large 
enough to hold a wheelbarrow, can be used. Fig. 69. The scale is generally set 
so that an even number of pounds is weighed each time — either adding or taking 
off coal, until the scale balances. The coal handler should make a record each 
time he weighs, and if the coal is to be used moistened, it should be weighed 
before wetting. 

For continuous records of station operation, a number of methods are used, 
mg. 70 shows one method of supporting a hopper where the coal is stored above 
the boilers in bins. The hopper is filled by opening the chute, and when nearly 
balanced, the coal can be throttled until a perfect balance is obtained. Th« 
bottom part of the weighing hopper can then be opened, and the coal delivered 
on the boiler room floor, convenient to the boilers. It is also suggested to 
have an electrical contact on the top of the arm of the weighing device, to 
that each weighing can be recorded on a dial magnetically. 
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XlHi«.--aef on staxtinx « boOer test, all c«m1 Bhovld U ckHMd «p froift llM 
floor araaBdtibet»oiler«w> that only tiM weislwd coU Witt ba tred, Im maklaf 
coBBpaxativte boiler tests, the coal for each boiler should bs kept tepatats* Tha 
proper method of flrtn^ a boQer depends apon the coal» the faniace, the fiats 
andthttdnnsht. An expert will chan^ his methods to suit diffennt stsaa de- 
aands on the boiler. 

There are thres distinct methods in hand ftiing: (1) Spreadinit, which is the 
eommon method, where the coal is scattered STenly orer the whole sarfiice of 
the crate, eommencing at the bridge and spreading toward the door, (S) Alter* 
Bate flring. in wliich the chaige of coal is laid along one -half of the grate at a 
time, from the bridge to the door, each side altenatelj; with a doable door 
ftaxnaee, this is nsoaUy the method used. (S) Coke ilring, which is more specially 
applicable to bitaminoos coal, hers the charge of coal is first thrown on the 
dead plate or fkont pait of the grate, where the TolatUe matter is burned oat 
and the coka coal gradoaUy poshed back to the bridge, where it is eompletaly 
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bomed. The steaming adTsntages of the different methods of firing can only 
be determined by their application to indivldnal cases. 

In regard to the wetting of the coal before firing, this has adyantagss In 
■ome few cases of slow baming fnmaces. The action of the ezcessiye water In 
the coal is to decompose into h}'drogcn and oxygen in the intense heat of the 
eombnstion of the coal, which gases combine again to form water in the cooler 
parts of the furnace; in combining they raise the temperatare of the gas pass- 
ing through the furnace. The effect is to transfer the active heating of the 
gases from the furnace fire to other portions of the furnace whose normal tem- 
perature is lower. The energy required to raise this additional water to the 
temperature of the gas leaving the boiler will be lost, and through this range the 
capacity of water for heat is great. 

In the case of wet coal, the temperature of the gases issnlng from the 
boiler maybe reduced over the dry coal, but the actual number of thermal units 
escaping up the chimney may be increased. Water used under the grate to wet 
the ashes is evaporated by their heat, and the heat radiating downward through 
the grate bars; this steam passes through the grate up with the draft and rt- 
dnoes the intensity of the heat of the glow fire, and most of the energy used to 
raise the water to steam when used this way would otherwise be wasted. Afbifi 
•hoald not bo wet if they are to be weighed. 
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Combustion.— Coal in burning combines with the oxygen of the draft, 
giving np its carbon; flret, to form carbonic oxide, CO, and then further com- 
bining with oxygen to form CO2, or carbonic acid, the presence of which indi- 
cates complete combuotion. InsuClcicnt air supply or incomplete combustion 
of the coal will chanjje the ratio of carbonic oxide to carbonic acid in the gas 
issuing from the boiler. The carbonic oside in uniting with oxygen will give np 
one-third more energy than if passed out as carbonic oxide. The condition of 
combustion is indicated by the percentage of carbonic oxide that exists in the 
gas leaving the furnace. There is an Inatrnraent made called a composimeter, 




Fig. 70.— automatic coal weiohiko. 



which Indicates and records continuously the percentage of carbonic oxide, or 
CO, in the chimney gas, and indicates the condition of combustion. This Is 
connected directly to the uptake of chimney, and the indicator can be located 
at any convenient place for the firemen's inspection. The above Is only strictly 
true for anthracite coal ; bituminous coal increases in smoke as the draught 
is Increased, or the temperature of fire falls 

Each pound of coal requires 21.3 lbs. of air for complete combustion, or 
at 60 degs. Fahr., 280 cubic feet of air. In coal the carbon, hydrogen and oxygen 
are the heating elements, and water, nitrojjen and ash the waste. For the an- 
alysis of some of the American arthracite coals, see under Fuels. Where only an 
approximate determination of the hosting capacity of coal is required, it can be 
figured from its analysis where the percentage of free carbon In the coal is 
known. 
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Example: Take Lehi;;h anthracile coal which coutuiua 3.7 )>« r cen^ moisture. 
6.8 per cent ash, 84.6 per cent carbon, and 5.4 per cent volatile matter. Pc^ 
ducting moisture and ash, which make a total of 10 per cent, from tlic l90 p r 
cent, gives 90 per cent; fixed carbon is 84.G per cent, which gives the fixed car- 



bon ratio of the coal 



84.6 



- , which equals 04 per cent. 
The table below gives for this ratio 15,120 B. T. U. Ten per cent of this is ash 
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andmoistare, having no heating value, and consequently the coal would only bare 
90 per cent of this value, which would be 13,606; as it takes 9C6 B. T. U. to evap- 
orate one pound of water from and at 212 degs. Fahr., at the pressure of the air, 
the evaporative efficiency of this coal, if nseci with perfect combustion and a 

perfect boiler, would be ' , which would be 14.08 ponx>ds of steam at 212 degs. 

Fahr. 

Ashes.— There is always considerable difference between the weighed ashes 
and the ash found by analysis of coal, caused by unconsumed carbon being car- 
ried away with the ash and clinker, and the ash will absorb considerable mol«ture 
on being exposed to the air. In analysis, care is taken to prevent any absorption 
of the moisture by the ash. In temporary testa ashes can be weighed In the same 
way as provided for coal. Where continuous records are kept the ashes are gen- 
erally weighed as they are hauled away for disposal. The weight of coal sup 
plied to the grate in a given time, divided Into the weijrht of ash taken from 
under the grate, will be the commercial percentage of ash, which ^ill vary with 
diflPferent coals, and will be affected by the skill in handling the fire. The impor- 
tance in knowing the percentage of ash in the different coals used has a bearing 
on its steaming values, as the wasted ash costs as much as the consumed carbon. 
It is not always true that the coal that gives the least ash has the highest evap- 
orative efficiency, as bituminous coals are very low in ash, yet may waste their 
^carbon in 9moke. 

Water.— The amount of water entering the boiler is a third quantity which 
has to be known in the boiler room, in order to determine the efficiency of steair 
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production. Each boiler should be provided with a water meter attaohed to the 
feed pipe near its entrance to the boiler, and it shonld be so connected to the 
piping system with flange conplings, valves and a by-pass that it can be readily 
removed for recalibration. The temperature of the feed water shonld be known, 
and this is readily determined by means of a feed water thermometer, (Fig 71). 
The form made for this purpose can be screwed to a Y connection in contact with 
the water in its passage to the boiler. These thermometers are graduated from 
60 degs. to 2G0 degs., where feed water heater is used, and from 100 degs. to 400 
degs. where an economizer is used. 

The heat units that are added to the feed water before its introduction to the 
boiler above the normal temperature of the water should be deducted from the 
total units required to evaporate the water into steam at the pressure used. For 
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this allowance see Table of Properties of Saturated Steam, giving the thermal 
units in a pound of water at different temperatures, and the thermal units given 
up by coal combustion will be the difference between those in the feed 
water and those of the steam issuing from the boiler. The temperature of 
the draught of the up-take in the chimney, which can be measured by a drajight 
thermometer reading up to 700 Fahr., is useful information in order to determine 
the management of the dampers and drafts, especially where the forced fire Is 
used for any period of the station load, and also indicates which method of firing 
gives the best results. 

Ijosses.— Having arranged the above apparatus, the losses which will occur 
in this utilization of coal in the form of steam are as follows: 

First.— Heating draught air to temperature of up-take. As it takes SL8 
pounds dry air at 60 degs. Fahr. to bum one pound of coal, and, aMumIng the 
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Heating water in coal : 87.t 48 

Beating water formed by combination of hydrogen in coal 07.t .88 

Loss by incomplete combustion • tS8it 1,08 

Combustible loss in ashes 890.0 t.04 

lUdiation and other losses by diflerenco 718.0 8,00 

Total "iSoJ 87.10 

Beat units utilized In making steam, equivalent evapora- 
tion 10.06 lbs. from and at 818 degs. F., per lb. coal «... 10.880.8 78,80 



^ 



14,84^8 

In connection with the above equivalent. It is Important to determine, trot| 
whether the steam is saturated or contains the quantity of boat due to the proiiarai 
second, whether the quantity of heat is deficient so that the steam it wut; and 
third, whether the heat is in excess of the pressure or the steam supcrheatod. Tha 
quality of steam given oil by the boiler boars directly on the work being por» 
formed by the boiler, and Its efficiency, and if It Is not taken into oonsidoratlon, 
the evaporation performance of the boiler can bo made to show any iffloienqr 
desired. 

A simple method of testing steam for its condition Is to use a barrel calorima- 
ter which will give fairly accurate results within 8 per cent of the tnio quantity, 
when carefully operated. The steam to be tested should ba taken from the steam 
pipe near the boiler by means of a perforated ^-in. pipe inserted into (ht 
pipe lofkUagfigathobQUer, 80 that i^ c9n<loilfo4 itoom C8a oiitor tUf ^t piyni 
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and provided with a valve. The steam is carried through a hoee which la well 
wrapped in felt to prevent condensation, and led to a barrel eet on platform scales 
holding about 400 lbs. of water, and provided with stirring vanes, so that the 
water can be kept in rapid circulation. After carefully weighing the barrel and 
the water, steam is turned on through the hose and allowed to blow oH 
until the pipe is thoroughly warmed. The hose is then Inserted in the barrel so 
t:.at all steam is condensed, and the water is kept in rapid circulation. The steam 
pressure on the boiler tested should be noted and kept uniform. 

In order to determine the temperatures, a thermometer is inserted In the water 
and watched until the temperature arises to about 110 degs. P. The hose is then 
quickly withdrawn and exact temperature noted, and the barrel carefully re- 
wclghed. An error of i^ of a pound in weighing the water or ^ a degree in tem- 
perature will cause an ejror of over 1 per cent. In the calculation of moisture in 
the steam. 

The original weight of water is, say, 404 lbs., and Its temperature 84 degs. F.; 
the final weight of water is 435. lbs., and the temperature 100 degs P.; the boiler 
pressure is 60 lbs. To find the percentage of moisture, proceed as follows : •- 

H = total heat of 1 lb. of steam at 60 lbs. pressure 1,175.6 

T = total heat of 1 lb. of water at temperature of steam at observed pres- 

sure 807.10 

N = temperature of condensing water in barrel, original 84 degs. F. 

^x = temperature of condensing water in barrel, final 106 degs. F. 

W = weight of condensing water, corrected for water equivalent to ap- 
paratus r CIO lb. 

IT = weight of steam condensed 435—410 lbs JBlbi. 

Percentage of moisture— 100= g—=, r--(Nj— N)— (T— Nj)J 
Substituting values: 
Percentage of moisture-100= ^ ^^ \-:^ ^ [^0^--34)~<a07.M06)]al88.r 

This shows that in the case assumed above, there was 122.7^100 s 22.7 per 
cent moisture in the steam. Indicating heavy priming in the boiler. 

. The appearance of a steam jet will indicate roughly with a little experience the 
qnality of steam; if a jet flows into the air a change of 1 per cent saturated steam 
is eadly disccmable. If the jet is transparent, close to the orifice or even a light 
grayish color, it may be assumed to be nearly dry. and the ordinary methods will 
not determine the water in the steam, but if the jet be strongly white, with expert* 
ence the amount of water may be judged up to about 2 per cent; beyond this, a 
calorimeter only can determine the exact amount. Ordinarily a boiler should not 
give more than 2 per cent moisture unless foaming or priming; the water level 
shonld not be carried too high, or the boiler forced beyond its capacity, which 
generally increases the percentage of moisture. If a boiler gives normally more 
thtfn IH V^"^ <^^i^t moisture, there is something wrong in its construction or 
connection, and it Is very uneconomical to use wet steam In the engine cylinder* 
pi it increases greatly the losses due to cylinder condensation and the danger of 
^ntrftlned water in the cylinder. 

These tests have so far referred to continuous boiler tests, but actual condi- 
tions that arise in statloii prsctice change greatly the demands on the boiler dtir* 
litg-4lierent |>ariods of- the ^^j f^d there aro bold^yver loBMi on 'boilers not 
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deliTeiiiig anj steam whom Tallica, for economical management otthaboUen, 
■hooJd be known. Coal bamt to keep a boiler in atcamlng condition la loet, and 
it baa been piopoacd to nae a cheaper grade of cool for the purpose* which will 
keep a uniform low fire and give to the boiler thoaa heat nnlta which are loat in 
conduction and radiation. 

The report of the committee on data of the National Blectrlo Light Aaaod* 
ation, gives the following fisurca for hold-over loaaea. In this case the boHcr If 
ahut off from the main steam supply. No water la added and ^he coal is simply 
to supply the constant losses. A boiler runs 16 hours a day at an average late ol 
13 lbs. of coal per square foot of grate per hour, and stands over the othei 
eight hours with a consumption of ^ lb. of coal per square foot of grate 
surface; while Idle it will consume 2.04 per cent of the whole. If It runs twelve 
hours and stands twelve hours, the coal cost Idle will be 4 per cent of the total 
expense. The data given for different boilers is as follows;— 

A Philadelphia station requires 1 200 lbs. of coal to keep up a pressua of 
125 lbs. on t^i'^o water tube boilers, each having 59 sq. ft. of grate surface; that Is, 
.434 lb. per sq. ft. per hour. A five days' test on a horizontal tubular bollec 
showed a consumption of .65 lb. per sq. ft. of grate; another water tuba bollai 
showed JS lb. of coal per sq. ft. of grate per hour, 

Waste in the form of leakage, whether from wet steam or actual escape, hat 
reached in three stations 8.500 lbs., 2,000 lbs., and 600 lbs. Auxiliary uses of 
steam, such as heating and feeding water to boilers, are drags on the boiler, 
but have to be considered in the total boiler room efficiency, and bring down tha 
total plant effldency. 

Boiler room records are usually kept on printed forms by the foremen of the 
different shifts of firemen, and the form adopted by the different stations will 
depend on the data obtained. A form largely used Is given below t 

DATS • .WSATHBR FoBUUlN....,..., 

Tim oy ooxmo ok. Boilxr Pbbssurb, MAximm, 161; Mik., 142. 



1. BoUer number. 


1. 


2. 


2. 


4. 


6. 


6. 


2. Condition 


Banked 

110,684 

1,806 

6.10 P.1I 

11.06 

122,884 


Fired 

117,680 

7,141 


Fired 

111,466 

6.400 


Sh»t d*wn 
111,480 


Banked 

18,705 

1,685 

6 P.M. 

15»,240 


Sh'td'wi 

18,971 


8. Water meter, lbs 

4. Coal fired to each boiler 


6. Started up at 




6. Shut down at 


12 M.N. 
168,760 


178,600 


* in, 486** 




7. Water meter, end of run 


**iR.'07r 


8. Temperat. of feed water, %w jr., iw r . 

9. Weight of ash 




10. Natural draught, inches %-% 

11. Forced draaeht. Inches 1 \-\Vi 

12. When started up 5.45 P.M. 

13. When shut down. 9.80 P.M 

14. How fed Pump 

15. Temperature of uptake 618° 

16. Per cent of CO. 15jt— «j< 




AAMJ 







Item 9 is usually taken at stated intervals when ash is hauled away and not foir 
«8ch boiler, but is entered on this form. Items 10, 11, 12 and 18 (whertft forced 
4i»Q|^ht it M«d), 619 Iniwrtant to know when forced ^r«aght i9 iltl^4 upA9 144 
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termlne if it was not pat in operation too soon for the power demand on the sta- 
tion; also to know the natnral draoght conditions due to the weather. Item 14, 
the method of feeding water, whether injector or pnmps were need, affects the 
economy of operation of the boiler plant Item 15, temperature of np-take, gives 
a value depending upon firing and arrangement of dampers. Item 16 gives from 
the composimeter the condition of draught for the proper consumption of the 
coal burned. A recording pressure gage is the only means for showing whether 
the proper maintenance of boiler pressure has been uniform throughout the run, 
but from the above figures all the commercial efilclencies and losses in the boiler 
room can be computed. 

I.UBBICATION. 

Instead of a separate oil cup for each bearing which requires individual atten- 
tion, systems of oiling are now generally installed, which consist of a piping 
system leading from a fountain head or reservoir and through a sight feed with a 
controlling valve to the bearings. The oil is taken away from the bearings by an 
oil drainage system, all pipes leading to a sump. The advantages of an oil circulat- 
ing system are that it sdlows the bearing to be abundantly supplied with oil, thus 
reducing the maximum rise in temperature and the co-efficient of friction of the 
rubbing surfaces and in case a bearing heats up it can be flooded, the oil acting as a 
cooling medium. 

There are several systems of circulation in nse— gravity Is always used. That 
is, the fountain head is above the level of the highest bearing, but this pressure may 
be increased by compressed air, either by having the reservoir larger than the 
ntftTl mnm volume of oil and allowing the oil pump to pump the oil from sump 
against this confined air, or, compressed air can be piped directly to the top of the 
reservoir. In any case the pressure due to gravity should be sufficient to cause the 
oil to flow even if the compressed air line fails. The oil after entering the sump is 
passed through a fllter and then to the cooling tank from which the oil pump forces 
it to the oil reservoir above. If oil is kept cool its wearing qualities are increased. 
The reserve oil in the reservoir is generally 10 times one hour's feed supply. In 
large plants, duplicate systems of oil supply are used and in any plant the reserve 
supply should not be less than one half operating supply. 

Oil piping requires great care in installation, brass and welded wrought iron are 
both used but the thread should be cut so as to make up tighter than is the case in 
ordinary piping. A plumbago paint gives better results than white lead for treating 
the joints before screwing together. The system is generally laid out in a loop and 
fed on opposite sides, from the loop the supply pipes are taken to the different 
bearings throughout the station and valves are so placed that one section can be cut 
out without interfering with the rest of the system. The oil pipe is often fitted on 
top of the oil cup, and there is screwed into this cover a plug which can be removed 
«nd the bearing oiled by hand when the oil circulating system fails. 

The size of pipe used on the pressure side of the system ranges from % in. to 
1^ in. and the area of the pipes on the drainage side of the system should be at least 
twice that of those on the feeding side. 

The oiling of croeshead guides both in horizontal and vertical engines causes an 
oil* spray. Some engines produce considerable spraying. The oil mist can be 
readily detected by hanging a sheet of paper near the engine and out of the way of 
any direct oil throw. In direct connected units which have the ventilated type of 
armature this spray is sucked into the armature and some of it is deposited on tlM 
interior, one effect of this is to form a good binder for the carbon dost from th* 
brushes and the Qtber is that the oil coat forms an oxydizing agent which rednoet 
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the carbonizing point of the armatare insnlation and leads to their rapid deteriora- 
tion and final short clrcidting. The practice of covering the cross head gnidea and 
crank with riveted galvanized iron hoasings provided with convenient slide doors 
so that the moving parts can be inspected, has materially reduced the rate of 
deterioration of armature insulation. In some plants air is blown through the 
housing and conveyed out of doors through a pipe. 

Operating engineers object to the unsightlinees of such arrangements with 
pipes leading to the atmosphere, but nevertheless the apparatus is efficient. 

If oil has access to rubber covered cables it soon rots the insulation and renders 
it useless. 

Circulating oiling systems when properly installed are oil and labor 1 



^ 



I.UBBICATING OnA. 

There Is nothing more extravagant in an engine room than poor ofl. The ue 
of lubricating oils that are liable to oxidize from heat or nse and become gnmmy dne 
to chemical changes is poor economy. The gummy property of an oil is a relative 
quantity. It can be tested against two oils. Linseed oil which has grsat drying and 
gummy qualities and sperm oil which does not become viscous under normal con- 
ditions. Cut three Y grooves in a plate of cast iron parallel to one side and to each 
other and about a foot long and incline the plate with a slant of one foot in six, 
now with a medicine dropper, drop six drops of linseed oil in the first groove, six 
drops of the oil under test in the second and the same quantity of sperm oil in the 
last The oils will gradually flow down the groove and the oil under test will stop 
flowing somewhere between the linseed and sperm; the nearer it stops to the sperm 
the less liable it is to gum; oil that does not flow more than half way down between 
the linseed and sperm should be regarded with suspicion and if it does not flow half 
way down it should be rejected as its gumminess would seriously interfere with its 
lubricating qualities. 

Acidity is another undesirable quality in lubricating oil. This property is 
tested by pouring a little oil in a test tube and adding a few scales of copper dioxide 
Cua and shaking; then heating gently, if at the end of an hour there is fatty acid 
present the oil will bum with a greenish color, if a vegatable acid is present it will 
bum with a blneish tinge, in either case the oil will react on the bearings and piping 
and increase the coefficient of friction. 

Oil should also be tested for the flash point, because a hot bearing with oil 
having a low flash point will start a fire that may lead to serious trouble. The test 
for the flash point will reveal the presence of lighter oils used to increase the 
viscousity or which were not removed in the refining process. In testing for the 
flash point, heat the oil gradually in an open vessel in which a thermometer reading 
to 600^ Fahr. is immersed, and after the oil has reached 120° apply a flame to the oil 
at every lO** rise in temperature. The oil should be heated at a rate not greater than 15<* 
per minute and for safe lubricating purposes it should not flash under 800^ Fahr. 
Providing that an oil, in addition to safely undergoing these tests, presents a 
uniformly colored body containing no suspended matter and does not cloud after 
standing in the sunlight for several days, it may be accepted as suitable for c 
Inbrication. 



SECTION III— THE TRACK. 



liOCATION. 



The location of street railway tracks in streets and highways is largely con 
trolled by ordinances, which specify the distance from the rail to the curb oi 
from the center of the track to the curb, the distances between track centers of a 
donble track road, the type of rail head, its location regarding the street level, 
etc. In country and intcrurban roads, however, a greater latitude as regards 
track construction is usually allowed the engineer. The question of crossings, 
trees to be removed, roadway obstructions, character of roadbed, and cubic yards 
of embankment necessary to cut or fill have all to be considered with regard to 
each section of the road, to ascertain which location had best be adopted ; and 
where the right of way has to be secured through private property its cost is 
another factor. 

r.jB:YEi«s. 

As the possible speed and energy required to make a trip between two termi- 
na/ points are largely determined by the grades over which the road must be 
built, the profiling and determining of pradcs and levels is one of the necessary 
duties of a railway engineer, particularly in interurban railway construction. 
The details of the methods employed in laying and profiling can be found in any 
text book on surveying, but the simpler methods are given here to assist the 
street-railway engineer in plotting grades. 

The elevation of any part of a road is always given as higher than some 
Jevel surface of known or assumed elevation, and in order that the elevations 
may all be positive, this surface should be selected below any elevation to be 
measured. This surface Is called *'Thc Datum.'* The elevation of the datum 
is always zero and the elevation of any point is its vertical height above the 
datum. The point selected for a datum should be permanent and is called a bench 
mark; in a long route several bench marks are taken for convenience, but all the 
elevations are figured from the datum, and the elevations of the other bench 
marks are determined in reference to the one first selected. The instrument gen- 
erally used for levels is a spirit level, mounted on, and parallel to, a tele3Co;)e, 
the field of which is provided with cross hairs, so that the line of sight through 
the intersection of the cross hairs is horizontal when the bubble stands in the 
middle of its tube. Then any point in the line of the horizontal cross-hairs 
through the telescope is on the same level as the cross-hairs. 

To ascertain levels, the instrument should be set up and levelled at a point 
higher than and in full view of the first bench mark, on which a surveyor's rod 
should be held vertically. When the line of sight is turned on the rod the point of 
the rod covered by the horizontal cross-hair is then on a level with this cross- 
hair, and the cross-hair is higher than the bench mark by the distance on tlie 
rod from the bench mark to the point where the horizontal cross-hair crosses 
the Tiki. Add this distance to the height of the bench mark, and we obtain the 
height of the instrument, technically known as the *' Height of Inatniment.'* 
and sometimes designated by H. I. 1 
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HaTin^ obtained the bei^ht of tb« htstraiDeDt aibore t^ d»t«« Iix>«^ anj 
IM^t lower tfasB the cToee-^ain can be easily f onod by taki«c tbe reading of tbe 
rod upon it; tbe leadlas csbtractieid from tbe bei^ht of tbe instznment ^ivcstbe 
eteratioBaboretbedalaBof tbepcHstoavbicbtherod i« set. XocieT&Uoaof 
ap«M]it caa be obtained if tbe rod, vben placed on that pout, is not in tbe Uoe 
iA%\^BA. of tbe tnstronMnt; ia tbla case tbe infitnuncnt most be moved to a new 
poaitioa, eitber lugber or knrer tban before as tbe case nuty require. 

Before tbe iBstrameot ia resnoTcd a tcmpoiaiy bench, called a **tnnilnff 
point * and dfwignatM by T. P. or Peg, most be cstoblisbed, and ita ateTatioa 
determined; aa for any other point the reading of eleratioa on tba rod being 
taken oa tbe turning point, tbe instiumcnt can be rcmoxed to another position. 
After it is pn^ierly levelled np, tbe new height of the instrument la obtained by 
a new reading on tbe same turning point: since tbe cross-bairs are higher tha& 
tlie point, this reading, added to tbe elevation of the point, givna tbe height of 
the instrument. 

Becords are kept of fhe levels of the different stations as they rise above tbe 
datum or zero level selected, and tbe distances between stations. These stations 
can be 400 feet from the instrument and accurate work done. These distances 
and elevations are then laid out on profile paper to any desired scale. For con- 
venience, in drawing the profile, the entire length is considered as stnilfjrht. 

The limiting grade, np which it is safe to carry an electrical eqalpHNnt, 
except under special conditions, is about 15 per cent. Where traffic is heavy, It 
is questionable wbether considerable investment could not often be profitably 
made to obviate a heavy grade on account of the alow time made, together with 
the heating and consequent depreciation of the equipment. 

The cost of operating over grades is governed by local conditions so that it li 
not amenable to any general treatment. The elements that enter in this calca- 
lation, however, can be indicated by an assumed case: Suppose that a grade 
affects SQch a redaction in the speed that an extra equipment has to be operated 
all the time to maintain the proper schedule between cars, then the cost per year 
to operate this equipment would be the interest on the amount of money which 
would be profitable to expend to avoid or reduce the grade, the other considera- 
tion being the greater depreciation of all equipments ascending the grade and 
the additional hazard on descending the grade. 

Guts and Fills.— To estimate cubic contents of excavations or fillings as* 
somlng parallel end faces, parallel top and bottom surfaces, and uniform section, 
/ = length. 
dp = iKJrpendicular height or depth. 
tvd — width at bottom of cut or top of fill. 
Dimensions in linear feet, results in cubic yards. 
Slope 1 to 1 : 

Cu. yds. = .08704/ X <j>(w</+</». 
Slope Ij^ to 1 : 

Cu. yds. = .03704/ X dp{iVil-\- tj^dp). 
Slope 2 to 1 : 

Cu. yds. = .03704/ X dX'ivd+fid/), 
Slope 2J4 to 1 : 

Cu. yds. = .08704/ X dX^d+zy^d/), 

To estimate cubic contents of wed^e-shapcd end of cut, assuming horlaonta) 
base and uniform decrease in depth from maximum to zero. 
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Slope 1 to 1: 

Cu. yds. = .006172/ X dp^d-^^f). 
Slope IH to 1: 

Cu. yds. = .006172/ X d^Zwd-^^d/) 
= .018516/ X d/{wd'\-d/). 
S.ope 2 to 1 ! 

Cn. yds. = .006172/ X d/{Zwd -}- 4d/y. 

Slope^tol: 

Cu. Yds. = .006172/ X d/{^wd+5d/). 

The above formnlse are trne for fill bavins horizontal top surface, and unl 
form decrease in depth from maximum to zero. 

To estimate cubic contents of wedge-shnped end of fill, assuming horizontal 
base and uniform decrease in depth from maximum to zero. 

Slope 1 to 1: 

Cu. yds. = .006172/ X d/{^wd-\-4d/). 
Slope IH to 1: 

Cu. yds. = .006172/ X d/i^vd+ed^p), 
= .018616/ X <//(w^+ 2^/), 
Slope 2 to 1: 

Cu. yds. =s .006172/ X d/iSwd-\'Sd/), 
Slope 2^ to 1: 

Cu. yds. = .006172/ X dp{^wd-\-\Odp), 

Shrinkage.— In estimating the relative amounts of excavation and em> 
bankment required, allowance must be made for difference In the spaces occu- 
pied by the material before excavation and after it is settled in embankment. 
The various earths will be more compact In embankment, rock less so. The 
difference in volume Is called shrinkage in the one case, and increase in the other. 

8HSINKAGX IN 1000 CU. YDS. 

Material. Of Excavation. Of settled embankment. 

Sand and gravel 80cu.yd8. 87cu.yds. 

Clay 100 ^' 111 ♦* 

Loam 120 " 186 " 

Wetaoil 150 " 200 " 

INCBBASB IK 1000 OTT. TDS. 

Rock, large fragments 600 cn. yds. 875 cn. yds. 

Bock, medium iragments 700 ^* 413 ^* 

Bock, small fragments 800 " 444 " 

Thnsan excavation of sand and gravel measuring 1000 cu. yds., will form 
only about 020 cu. yds. of embankment; or an embankment of 1000 cu. yds. wiU 
require 1087 cu. yds. of sand or gravel measured in excavation to fill it ; but will 
require only 687 cu. yds. of rock excavation, the rock being broken into medium- 
sized fragments; while 1000 cu. yds. of the later, measured in excavation, will 
form 1700 cu. yds. of embankment. 

For Weights of Earths and Stones, see pages 11 to 13. 

TBACK I.OCATIOV. 

Track la made np of straight and curved track; the straight track is called 
** tangent** and the curved may be a simple curve, that is, a circle struck from 
the center so as to be tangent to both tracks which it connects. The length of 
this radins can be found by erecting at the adjacent ends of the tangent track 
Tertical Unas, which will intersect at the center of the curve to be struck. To 
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correctly join these two tangents in street railway work the conred poaition of 
the track is defined by the radius of this curvature. Steam roads usually adopt 
a different nomenclature, which Is the number of degrees of curvature, indnded 
in an arc 100 ft. long. With the short curves used in street railways it is readily 
eeen that this designation would not be suitable 

The survey of a line of track is always made from the middle of the track by 
setting a row of stakes where the center line of the track passes, and the rail Is 
gaged both ways from this center. 

Before these center points are located by the engineer in city streets, all 
knowledge possible should be obtained regarding existing subterranean struct- 
ures, which may be beneath the surface or on the street surface. In order that 
they may not be disturbed nor their usefulness interfered with. All city maps of 
the city, gas, water, subway systems, sewage, etc., become useful if reliable, 
rsually all obstructions that are in direct line of the rail can be relocated, but In 
the case of water and -gas mains, any street surface structures leading to, or 
mctallicly connected with, this piping system should be removed at least two 
feet from the rails, and if possible cement should be interposed between these 
two structures. Otherwise current may be deflected into these piping systems 
from the metallic connections made in this way and damage from electrolysis 
may result. 

In city work where curves occur, it is desirable, before commencing work, 
first to lay out each curve on a fairly large scale, say 1 in. s 6 ft., drawing in the 
tangent tracks which meet at this comer, also any obstruction in the street such 
as sewer covers, manholes, gas or water gate boxes, also the curb line and any 
obstruction on the comer if it should offer any possibility of hazard to a passenger 
standing on the running board of an open car in passing around the curve. After 
all these details have been drawn in the map the curves can be thrown in, as ex- 
plained later. 

In laying road on paved Btreets with traffic on them. It Is best to set stakes at 
an offset from the line of track out of line of the traffic, about 50 ft. apart on 
straight track, and cIogo enough together on curves to have at least two points 
opposite each rail. Ingpecial work a point should be set opposite the heel and 
toe of each switch. 

TYPES OF BOADBED. 

Specifications for Street Railway Track In Cltles.^Pratt A Alden 
give the following specifications for railway track, located in city streets. 

Construction.— Nine inch girder rail on wooden ties, broken stone ballast 
and granite block pavement. 

1. Work to be Done.— The work to be done consists of the construction of a 

sincle track on , , and Streets, between 

Street and Stiect, in the City of .., State of 

2. Toois and LaSor.—The contractor Is to furnish all necessary tools appara* 
tus, and other means of construction, and do all the work required for the above 
construction. 

8. Maieriai.—The company will f nmish and deliver to the contracter, at Its 
yard located on Street, all material required for the above construc- 
tion except such as are not to be part of the finished constroction, which will be 
lunlflhed by the contractor. 
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4. ItUerfertncg with Traffic,^T)ct» street must not bo tom up for a greater 
distance than ISOO ft. in advance of tho finished paving. The contractor must so 
arrange his work and deliver the material upon the street as to obstruct public 
travel as little as possible, and a roadway must be kept free on at least one side of 
the street for public travel. 

The contractor shall use all necessary precautions to prevent accidents by 
maintaining suitable barriers and by keeping lights burning at night. 

6. Grading and Jijccavai ton.— The TOidhed Is to be excavated to Bub-grade, 
which will be 24 ins. below the finished grade of the street. This excavation is 
to extend.... ft. each side of the center line of track. If any further width of 
excavation is required, it will be directed by the engineer in writing, and paid for 
under clause r, paragraph 17. All material removed from the excavation is the 
property of the company, and must be promptly removed by the contractor and 
deposited in such places and in such manner as may be designated by the engi<« 
neer. It. shall not, however, be hauled a distance greater than.... ft., except as 
provided for under clausey, paragraph 17. 

Ko plowing will be allowed which disturbs the material below 6 ins. above 
sub-grade. 

6w SuB'dratns—1t considered necessary by the engineer, a trench will be dug 
In the center of the roadway to such depth and grade as he shall prescribe. After 
thoroughly compacting the bottom of the trench, a. . . .in. porous tile-drain shall 
be laid and such connection made with the sewers or other drains as the engineer 
may direct. The trench is then to be refilled with clean gravel filling, in layers 
not exceeding 12 ins. in thickness.. Each layer is to be thoroughly compacted by 
nunming before another layer is added. 

7. Prefarinz Sub-gra4€, — The Sub-grade shall then be thoroughly rolled to 
the satisfaction of the engineer with a roller weighing not less than . . . .lbs. per 
Inch of roller. If any portions of the sub-grade cannot be reached by the roller, 
such portions shall be sprinkled with water and thoroughly compacted by ram- 
ming. If any spongy or vegetable matter, or material which cannot be rolled, is 
found in the excavation, it must be removed and the space below sub-grade 
filled with clean gravel filling. The roadlicd shall be in a moist condition when 
rolled, and if dry must be moistened by the contractor. 

& Ballast,— 'V'ptm the sub-grade, prepared as above described, there shall be 
spread a layer 5 ins. thick of broken-stone ballast, composed of stones not larger 
than 1^ ins. in their largest dimension. This layer shall be thoroughly com- 
pacted by rolling with the roller heretofore described, or by ramming in such 
places as cannot be reached by the roller. 

0. Pittrihutton cf Tt^s.—Vjion this layer of ballast the ties shall be distrib. 
ated and spaced at intevals of . . . .ins. on centers. The Joint tics will be spaced 
• . . .ins. on centers and arranged as shown on plan furnished by the engineer. 

10. Laying Track.— T\e rails shall then be placed on the ties and tiie splice- 
platt-B bolted on. Care must be taken not to handle the rails in such a manner as 
to bend them or mar the heads or flanges. The rails will be spiked with four 
■pikes to the tie. Spikes will be staggered at least 2Vi^ ins. in the tie, and driven 
In such a manner as to hold the tie at right angles to the track, except wlicn 
otherwise directed. Brace tie-plates will be used and spiked to the tie with three 
spikes at intervals of. . . .ft. The rails will be laid with stafrgered joints, and no 
jpint f ball be mor? (ban 13 ins, from A Une drawa At right angles to the center of 
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theoppotite nO. One MMfc be tikca Id piacetteipliBe-platessqMa^iB por- 
tion, and any scale or rast Best be lawnTed ftom the bearins suf aece of plataa 
and lafl. The beada of tbe bolta mbsC be strack with a tvo-poand baaamer 
while pieaBiiie ia applied an a ao-in. vrcmrb to tighten the nnts. The rail enda 
meat be placed in ai doae contact aa poanble. The nils meat not be bolu^d 
up for moie than ft^e rail lengtha in adTanoe of the finished paxiag. The gare 1 1 
the tiack ahall not Tai7 more than {^ in. from the atandazd on this ro^ which i$ 
....ft.....ina. 

11. Special Wmrk.—ln lajing froga. evitchea, and other apecia] wort:, BpecIxU 
oare win be taken to maintain line, aoiface and case. The lat:cr wCl be widened 
on cnrvea if so directed hy the engineer, bat not otherwiaeL The atnight-tiack 
gagestawitchea and matea will pcefoably be ^ in. tight. If the apecial wo^ 
doea not appear to fit, no attempt whatever most be made to force it except hj 
direction of the engineer. 

12. Raittngr Track and Tam^ingi-^AftKr the fireparation of the track aa 
previously deacribed, the entire track most then be raised to the finiahed grade 
and aligned to the linea giren by the engineer. The space nnder the tiea meat 
then bd filled with facoken-etone ballaat, compoaed of atonea not larger than 
t^ ins. in their largest dimenaion. This ahall be tamped nnder the tiea in each a 
manner aa to aecors an oTen, scdid beating thioaghoot the enUre length and 
width of the tie. 

Care most be taken in laiaing and tamping the track not to defonn the rails 
cr splice-bars. The space between the ties is to be filled with the same ballast 
Old thoroughly rammed. 

18. ^^A^2'«r>— The rails are to be bonded with the bond, applied in the 

following manner: —•••«.. 

14. /^/m/c— The joints are to be gone oyer again and each bolt tightened np, 
•trikinir the head of each bolt with a two-ponnd hammer, while steady ptesanre 
IS appUied to the end of a aO-in. wrench until they cannot be farther tightened. 

15. Preparation of Rail for Paving.— The recesses onder the head and tram 
of the rail will be filled with concrete in such a manner as to present a vertical 
surface for the paving to rest against. This concrete shall be composed of one 

part Bosendale cement, parts sand and parts of broken stone, no piece 

of which shall be larger than 1 in. in its greatest dimension. 

18. Paving,— KiTet the entire portion of the street to be repaved will be spread 
a layer of clean sharp gravel, not larger than ^ In. in its largest dimension, and 
thoroughly compacted until its upper surface is 8 ins. below the finished grade. 
Especial care must be taken to thoroughly compact that portion between tbe tics. 
A layer of bedding sand will then be spread over the gravel of sufflcient thickness 
to bring the granite blocks that are to be embedded in it to the proper grade aflcr 
they are thoroughly rammed. The blocks are to be covered with dean, lino and 
dry gravel or coarse sand, which shall be raked and swept until all the joints 
become filled therewith. The blocks shall then be rammed to a firm, nnjielding 
surface to agree with the section of track as furnished by the engineer. Ko 
rammiiigwill be done within 15 ft. of the face of the paving that Is being laid. 
The blocks will again be covered with a layer of clean, fine, or diy gravel or 
coarse sand, and raked and swept until the joints are filled therewith. The 
'blodcs shail then be -ratnmcd until made solid and secure. Finally, the paving 
fhall bacovered ^itlf a Javei at jeast 1 io. in thieves? of fioe, djy scrMQOdfniT^ 
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17. Measurements,— The work will be moMurod and paid for nuder the f ol- 
kminj; prices: 

(a) Ter foot of single track, including all excavation, refilling, preparation of 
the sub-grade, ballasting, paving and track-laying 

{b) Special work shall be measured on the center line of track, measuring the 
center line from the ecparation of theoretical center lines to the similar separa- 
tion or lo a point opposite the farthest joint of Bi)ccial work. Price per foot, 
determined in this manner, including items mentioned in clause (a) 

(r) Price per square yard for excavation, refilling, ballasting, and paving 

outside the limit of ft. from the center lino of track, when required by the 

engineer; 

{d) Price per cubic yard of excavating and refilling measured in excavation 
for tile-drains 

{e) Pnoe per running foot for laying tile-drains and connecting to sewers or 
drains 

(/) Price per ton per 1000 ft. for hauling material from the excavation a 
greater distance than ft. from the excavation 

18. Esitmaies.'^li shall be understood and agreed by the parties hereto that 
due measurements shall be taken during the progress of the work, and the 
estimate of the engineer shall be final and conclusive evidence of the amount of 
work performed by the contractor under and by virtue of this agreement, and 
shall betaken as the full measure of compensation to be received by the con- 
tractor. The aforesaid estimates shall be based upon the contract prices for the 
performance of all the work mentioned in these specifications and agreement, 
and when there may be any ambiguity therein, the engineer's instructions shall 
be considered explanatory, and shall be of binding force. 

SPECIFICATIOXS FOB EXPOSED TRACK. 

On intemrban lines, when the track is exposed, the steam railroad practice 
can be followed very closely. The Pennsylvania Railroad Company has de- 
veloped the most complete set of specifications, which indicate that company's 
method in grading, ballasting and draining. Below is given an abstract from 
the Pennsylvania Railroad's general specifications, covering such structural 
features as would be well to follow in cross-country electric track construction. 
Figs. 73 and 73 show the cross section of single and double track as designated 
by the specifications. 

P. B. B. Specifications for Laying; Boadbed.— ^mu£9#</.— The surface 
of the roadbed should be graded to a regular and uniform sub-grade, sloping 
gradually from the center towards the ditches. 

BaHasi.— Then shall be a uniform depth of tf ins. to 12 ins. of well broken 
stone or gravel, cleaned from dust by passing over a screen of ^-in. mesh, spread 
over the roadbed and surfaced to a true grade, upon which the tics are to be laid. 
After the tics and rails have been properly laid and surfaced, the ballast must be 
filled up as shown on standard plan ; and also between the main tracks and sid- 
ings where stone ballast is used. All stone ballast is to be of uniform size and 
the stone used must be of an approved quality, broken uniformly, not larger than 
a cube that will pass through a 2)i in. ring. On embankments that are not well 
settled the surface of the roadbed shall be brought up with cinder, gravel or i 
9tb#r 9iat«)?le m4^nM« 
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Cross- Tirs.— The ties are to be regularly placed upon the ballast. They muat 
be properly and evenly placed, with 10 ins. between the edges of bearing surface 
at Joints, with intermediate ties evenly spaced : and the ends on the ontside on 
double track, and on the right-hand side going north or west on single track, 
lined up parallel with the rails. The ties muRt not be notched under any circum- 
stances; but, should they be twisted, they must be made true with the adze, that 
the rails may have an even bearing over the whole breadth of the tie. 

Line and Surface.— The track shall be laid in true line and surface; the 
rails are to be laid and spiked after the ties have been bedded In the ballast; and 
on curves, the proper elevation must bo given to the outer rail and carried uni- 
formly around the curve. This elevation should be commenced from 60 ft. to 
960 ft. back of the point of curvature, depending on the degree of the curve and 
speed of trains, and increased uniformly to the latter point, where the full eleva- 
tion is attained. The same method should be adopted in leaving the curve. 

Joints,— The joints of the rails shall be exactly midway between the joint ties, 
and the joint on one line of rail must be opposite the center of the rail on the 
other line of the same track. A Fahrenheit thermometer should be used when 
laying rails, and care taken to arrange the openings between rails in direct 
proportion to the following temperatures and distances; at a temperature of 
Odcg., a distance of ^ in.; at 50 degs., ^ in.; and in extreme summer heat, of, 
say 100 dcgs. and over, ^ in. must be left between the ends of the rails to allow 
for expansion, The splices must be properly put on with the full number of 
bolts, nuts and nut-locks, and the nuts placed on inside of rails, except on rails 
of 60 lbs. per yard and under, where they shall be placed on the outside and 
screwed up tight. The rails must be spiked both on the inside and outside at 
each tie, on straight lines as well as on curves, and the spikes driven in such a 
position as to keep the ties at right angles to the rails. 

Switches,— The switches and frogs should be kept well lined up and in good 
surface. Switch signals must be kept bright and in good order, and the distant 
signal and facing-point lock used for all switches where trains run against the 
points, except on single track branch roads. 

Ditckes.-The cross-section of ditches at the highest point must be the width 
and depth as shown on the standard drawing, and graded parallel with the track, 
so as to pass water freely during heavy rains and thoroughly drain the ballast and 
roadbed. The line of the bottom of the ditch must be made parallel with the 
rails, and well and neatly defined, at the standard distance from the ontside rail. 
All necessary cross-drains must be put in at proper intervals. Earth taken from 
ditches or elsewhere must not be left at or near the ends of the tics, thrown up on 
the slopes of cuts, nor on the ballast, but must be deiXMited over the sides of 
embankments. Berm ditches shall be provided to protect the slopes of cuts, 
where necessary. The channels of streams for a considerable distance above 
the road should be examined, and brush drift, and other obstructions removed. 
Ditches, culverts, and box drains should be cleared of all obstructions and the 
outlets and inlets of the same kept open to allow a free flow of water at all times. 

Xoad Crossings.— The road-croesing planks shall be securely spiked; the 
planking on inside of rails should be 9^ in., and on ontside of rails it should be 
M in., below the top of rail, and 2^ ins. from the gage line. The ends and 
inside edges of planks should be beveled off as shown on standard plan. 
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COST OF £NTKRUBBAN BOAO CONST&UCTIOK. 

The ooet of an intemrtMui nllitMid TarieB within wide limits, depending upon 
the pert of the coantry it is located in and also upon the type of road requlrod. 

The best type of road, which is built to steam standards, on priyate right of 
way, with rock ballast, 70 to 80 lb. steel rails, costs from $12,000 to $18,000 per mile 
for single track, not including any electrical equipment except rail bonds. 

The former figure applies to a section built on comparatively level ground, the 
latter where there are numerous cuts and fills. 

In detail, this cost is as follows: 

Per Mile. 

Grading $8,700.00 

Ballast 9,000.00 

Ties 1,800.00 

Bails 8,600.00 

Fencing 600.00 

Joints and bonds 700.00 

Spikes 800.00 

Labor I,00a00 

Total $18,000.00 

The cost of overhead construction also varies widely depending upon the num- 
ber of motor cars, and their weight and 6j)Ged. The cost of heavy construction 
such as.wonld be appropriate for the track outlined above would be about 14,864.00 
per mile. 

In detail this costs as follows: 

Per Mile. 

Poles $160.00 

Cross arms, pine braces, etc 86. 00 

Brackets 906.00 

Strain wire 10.00 

Hangers and ears 88.00 

Insulators, etc • 16.00 

Trolley wire No. 0000 w*. 648.00 

Seeder wire 2-600,000 CM 8,800.00 

Labor '. 476.00 

Total $4,864.00 

Copper wire at 18 cents per pound. 

A three-phase high tension feeder line, consisting of 8 No. 6 B. & S. G. copper 
wires including poles, cross arms, insulators, labor, etc., costs about 1600.00 per 
mile. 

The cost of light interurban railways such as are laid on the highways will aver- 
age $8,500.00 per mile, exclusive of overhead work. The cost of overhead construc- 
tion for above using No. 00 trolli3y and No. 0000 feeder is a bout $8000.00 per mile. 

1 he cost of power stations of course depends upon the rated output. In general 
they can be built for $90.00 to 8100.00 pet kilowatt ezclusi /o of the cost of the land. 

Rotary transformer sub-stations cost aboi t $40.00 per kilowatt, depending on 
the cost of the building. 
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BXAMPIiES OF TBACK CONSTRUCTION. 

Track Oonstmotlon on Conorete Glrden.— This form of track oon- 
Btmction does away with the frequently spaced tie and sabstitutes a lateral 
bearing for the rail. The rails are tied together at intervals, but depend upon 
the concrete foundation for their support This construction is especially nsefni 










Fza. 74.-HIOBAKTOir, pa., TBACS OOKSTBUOnOH. 

where paving such as concrete, brick or asphalt already exista on the street to ba 
tracked, as trenches only have to be cut in the paving for the rails and tholr 
foundations with occasional cross cuts for the tie rods, thus reducing the cost 
•or reoavlng. 
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8cnuiton, P».« Gonstmotlon.— The rail is a 5-in. T. weight 57 lbs., in 63-rt 
lengthf and with a 6-bolt joint, rnderneath each joint is an Inverted section of 
some rail, 4 ft. long, extending 2 ft. each side of the joint and riveted to the ra!l 
by eighteen JiJ-in. rivets ; four of thete riveta are copper for bonding. The concrete 
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Fie. 75.— DXTBOIT THAOK OOKSTlttTOTIOK. 

Is laid 6 Ins. below rail except for 2 ft. 6 ins. each tide of the joint where it is 
12 ins. below the rail. The ties which are old 52-lb. girder rails^ are spaced 10 ft. 
apart and the rails are bolted to them. There is also a tie rod ^ ins. z IJ^ ins, 
between each tie. For details of constmction see Fig. 7^1. 
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Detroit Track Constmotloiu—The rail is aO-in., 100-lb. girder with steel 
ties 5-ft. centers. The ties are channels 7 ins. wide, 7 ft long and % In. thick, 
. with flange 1^ in, deep. Concrete was laid 6 ins. below base of rail and tuapcd 
nnder tie, also laid on top of ties and carried np to within 1^ in. of the base of 
the iMtving. Where concrete stringers were nsed, the trench was 15 ins. deep and 
1 ft. wide. A layer of concrete composed of 1 part Portland cement, 4 parts 
LonisTille cement, 8 parts sand and 16 parts broken stone was then laid in bottom 
of the trench to depth of ins. The rail nsed in this construction was 7 ins. high; 
the space between the base of rail and base of concrete was grouted with 1 part 
Portland cement, 1 part sand and 8 parts clean fine gravel. Tie rods were nsed 
10 ft apart For details of construction see Fig. Tn. 

Kanaaw City Coii8traotion.~The foundation trench is SO ins. wide on 
top, 16 ins. on botton and 15 ins. in depth, so there will be 6 ins. below the rail 
when it is on grade. At 10-f t. intervals are placed wooden blocks 8 ins. x 10 ins. x 
16 ins. to which the rails are spiked. After gaging and aligning the track, the 
trenches are filled with concrete made of 2 parts sand, ^ part Portland cement, 
^ part domestic cement and 6 parts crushed stone small enough to pass through 
^ in. ring, all bj measure. Temporary splice bars are bolted on at rail joints 
which eventually are cast welded; the metal for the cast weld being comiMfled of 
^ pig iron and \^ scrap iron. See Fig. 76 for this construction. 

Ijos Angeles Track Congtmction.— The rail is a 6-in., 60-Ib., 00-ft T. 
The managers of the Los Angeles Railway Company were the pioneers in the 
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bringing of these long rails across the continent, and report finding no difficulty 
or additional expense in transportation. In a recent shipment of 500 tons only 
three rails had to be straightened. For details of construction see Fig. 77. 

MUwaakee Track Construction.— The rail is a 6-in., 72-lb. Shanghai 
section in 60-ft. lengths and is laid on cedar tics 6 ins. x 8 ins. x 7 ft., 2-f t centers. 
Under pavements which have concrete foundations the tics are laid on a 6-in. bed 
of cement, and in other streets broken stone ballast Is used. The Falk cast-weld 
joint is used. In exposed track which is cast welded slip joints are provided 
every 600 ft. The contraction and expansion in exposed track has been found to 
amount to about \\^ in. per 100 ft. of track, so at the slip joints the rails are 
sometimes 6 ins. apart The standard suburban roadbed of this company con- 
sists of a 56-lb. T» A\i in. 60-ft. rail laid on broken stone or gravel ballast, 
with Weber joints. See Fig. 78 for these constructions. 
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RAILS. 

I hsvs bees roOed in Beaitj ereiy ooacelTable ■hape.whlc^ 
wooMaennefibeparpaaeorann. The farms illoetrmted are those most UKdia 
aCreei raOvay practice. F!s. T9 siTea aome sencnl aocttooat the 
: aeaxly abaolete; the T and the i^er are tte preTaiUnc rail- 
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oir ia oae. Tiff. 80 c^^ca the nomenclatiire for tha dUhmt parts 
designated. 

Taking vp the gi oo yed tjpe of girder rail, Ylg. 81 shows tha Grimmins or 
original ran adopted by the Metropolitaa Street Bailwar Company of Kcw York 
City. The peculiarity of thia rail consista in Ita long lip, extending beyond tha 
guard. This allows of the psTement being laid adjacent to the rail, and cairlea 
the street traflic which tracks on the rail, thna preventing to soma extent tha 
wesring of groores along tliepaTement adjacent to the rait Fig. 82 ahowa the later 
■ectioii of the girder rail adopted I7 the XetropoUtanStnelBaihraj. Ttehaad 







Via. 80.— RAIL KoxsNOLATina: bids vearisq gibdeb bails. 

diifors from that ehown in Fig. 81 in that the width of the lip Is reduced, and tha 
tram is dropped % in. below the head of the rail; the head has also been thick, 
ened, and the rail has been increased to a depth of 9 ins. to make it stlffer. 
Fig. 88 gives the grooved rail for the Brooklyn Heights Hailroad, designed by J. 
0. Brackenbridge. Here the web has been moved nearer the center of the head 
Of the rail. Fig. 84 gives the flat tram used by the same company. The Brook- 
lyn ro»d uses the support more nearly under the head of the rail, which ptoduost 
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less canting effect upon tho rail and its bearing on the passing of an equipment. 
Fig. 83 shows the section adopted by the Boston Elevated Hallway Company for 
its city snrf ace lines. Fig. 86 shows the section used ir Washington. D. C. 
This is used in recently installed conduit roads, and the pavement is asphalt 
throughout. Fig. 87 shows the New Orleans section which has many of the ad- 
vantages of a center bearing" rail in its freedom from dirt. Fig. 88 gives the 
standard T-rail section of the American Society of Civil Engineers, which has 
been largely adopted throughout the country, the dimensions and weight varying 




Pig. "sir 






Fig. 82. 



Fig. 88. 




Fig. 84. 




Fig. 85. 



to meet the different traffic conditions. Figs. 89, 90 and 91 show some of the rail 
sections used on some of the important steam roads in this country which could 
be used in street railway work. 

A good tiack is stiff enough to resist flexion, has a rail joint as strong and 
rigid as the rail itself, is kept clean by the passage of the cars and presents small 
obstruction to traffic. The weight and depth of the rail are determined by the 
traffic, weights and speeds of equipments, the pavement and the limiting profit- 
able cost of construction and track maintenance. 

It 13 most important that the bead and groove of a rail be kept clean. It is 
not generally understood how much extra demand on a power stl^tion a dlrtf 
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track will aiake. In a test made on a track, which was covered with dost and 
dirt, the starting current was 213 ampe., the car started slowly on the second 
notch of the controller, and 8.28 kw-honrs i>er car mile were consumed nndez 
regular traffic conditions. After cleaning the track the car surted with 96 amps. 
on the first notch and the kw-hours per car mile fell to 1.24. This, however, can 
not be cited as a fair average for the track was so located as to readily collect d!rt 
It will also be noticed that the head of a rail that has dirt or due>t over It will 
not present the polished condition of a clean track, but will be discolored and 
pitted, due to the arcing between the wheel and rail. This character of rolling 





Fia. 87. 



Fig. 89 
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Fio. 91. 



surface presented to the wheel increases the power required to propel the equip- 
ment over the track. With a grooved rail the dirt packs in the groove and the 
weight of the equipment is partly rolled on the flange of the wheel over the 
packed dirt In the groove. The center bearing rail, which includes the T-rail, is 
the most economical of power and most desirable in many other respects. The 
objection used against it is that it affords more obstruction to vehicles crossing 
the track and as vehicle wheels will not run on the head two grooves are 
often formed in the pavement on either side of the raiU 

Street Tralllc.— Street traffic has to be carefully considered In each ques- 
tion of roadbed construction. In the smaller towns where it is light a rail head 
ean be wed whloh will afford a track for the vehicles. But a nil that farms a 
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good wagon way will attract wagons to it and reduce the schedule time possible 
for the cars following them. What has to be cared for Is proper surfacing so 
that baggy wheels are not wrenched in turning out from the track, the principle 
element of damage. 

In larger cities where traffic is heavy, the condition of an unbroken street 
surface should be at ained as nearly as possible. Here a full-grooved rail will 
accomplish the desired results more nearly than any other type. "With the other 
sections there is a guide way to keep the vehicles to the track by the projecting 
head of the rail. The sections of the half -grooved type, is a compromise between 
the grooved rail and flat tram rail. The full flat tram causes greater straining to 
vehicles when turning out, and the width of the tram has no nseful purpose when 
viewed from the street railway point of view. 

Light carriages have tires of a width of 1J4 in. ; delivery wagons, \% in. and 
heavy wagons from 2 ins. to 4 ins. and wider. The usual thickness of a car wheel 
flange is from ?jin. to 1 in. To allow play to the wheels and for the difference of 
^ in., which is the unde'rgage usually allowed for setting wheels, tbe groove 
should be at least 1^ ins. wide at top. It will be noticed that the groove is usu- 
ally sloping with a large guaid angle so that the wheel flange will throw out dirt 
that accumulates in the groove. In a straight sided groove the dirt is packed by 
tho rolling flange, and the power required is increased. 

A grooved rail which has a groove not wider than \\^ ins. will not form a 
tramway for vehicles, and they will follow more the street to the side of the track 
and rednoe the wear on the pavement adjacent to and between the rails. 

PATement.— In pavement with asphalt laid against the rail,.the full-grooved 
rail is largely used, as any other attracts traffic and concentrates vehicular traffic 
on or parallel to the rails, which soon wears the asphalt in deep grooves and 
breaks up the surface of the pavement. Also in cold climates the iron rail against 
the asphalt makes it brittle and depreciate rapidly. In order to reduce this 
wear at these points, a granite toothing stone is flrst laid against the rail, 
consisting of altcrnato headers and stretchers, and the asphalt pavement is 
bron;;Lt to this surface. There have been made bricks which overlap the tram of 
the rail, forming a grooved rail and reducing the breadth of the tram. Where a 
T-rall is laid in paving, tho paving is laid directly against the rail and a car truck 
with larger flanged wheels than ordinarily used and heavily weighted is drawn 
over the road to form the [rroove in the paving stone. 

The depth of the rail is regulated somewhat by the character of pavement 
used. Brick or asphalt require a sub-base and should not rest on the ties, as this 
will soon give the pavement an unequal setting. Where this pavement Is used, 
therefore, a 7-in. girder, at least, is required. With a 6-in. Belgian block there is 
required 1 in. of sand for a bed and a deep rail must also be used. 

In macadam pavement tbe T section forms the best rail, as the grooved rail 
would be continually £lled with dirt, and the flat tram would attract traffic which 
would put excessive wear on the pavement adjacent to the track. 

RAILS : SPECIFICATIONS, COMPOSITIOX AND TESTS. 

Illinois Steel Company Standard Specifications for Steel T-Bails«« 

1. The section of the rail throughout its entire length shall conform to the 
American Society of Civil Engineer's Standard lbs. per yard. 

The fit of the fishing or male templet shall be perfectly maintained. When 
tli« rolls are new, the section of the lail may be ^ in. low. As the rolling pio- 
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ceeds, a Tamtion not exceeding ,\ in. in excess of height over templet may be 
permitted in a delivery of 10,000 tons of rails, after which the rolls most be rednoed 
to standard height of such sections. 

The standard of measure to be Brown and Sharpens United States standard 
■teel yemier caliper rule. 

8. The weight of the rail shall be kept as near to lbs. per yard as is 

practical after complying with Section 1. The rails shall be accepted and settled 
for according to actual weights. 

8. The standard length of rail shall be 80 ft., at a temperature of 70 deg., , 
Fahr. Shorter rails, haying length of 23 ft. to 29 ft. inclusive, shall be accepted 
to the extent of 10 per cent of the entire order. A variation in length of )4 in* 
<»ver or under the specified length will be allowed. 

4 Care to be taken in cambering the rails so as to reduce the amount of work 
in the straightening press to a minimum. The rails must be kept straight in all 
directions as to both surface and line, without twists or kinks. 

5. The rails must be smooth on the head and base, and free from all mechani- 
cal defects and flaws, and must be sawn square at the ends; the burrs made by 
tlie saws must bo carefully chipped and filed oif, particulaily under the head and 
on the top of the flange, to ensure proper fit of the angle-bare. . 

6. The drilling for the bolts to be in strict conformity with the blue print at- 
tached, or the dimensions given. Holes imperfectly drilled to be filed to proper 
dimenpions. All holes must be accurate in every respect 

7. The section number, name of maker, year and month, to be rolled on th« 
aide of the web. The number of the heat to be stamped in the side of the web. 

8. The chemical composition of standard rails under 70 lbs. per yard to be m 
follows : 

Carbon 87 to .45 of 1 per cent 

Sulphur not to exceed 05 ** ** 

Phosphorus not to exceed 10 ** •* 

Silicon 07to.l5 " " 

Manganese TOtoX.lO ** ** 

The chemical composition of standaid rails 70 lbs. and over per yard to ba M 
follows: 

Carbon 45 to .65 of 1 per cent 

Sulphur not to exceed 05 ** " 

Phosphorus not to exceed 10 ** •• 

Silicon 10to.20 " •• 

Manganese SOtol.OO ** '* 

9. From each heat one test inr:ot shall be cast 1^ in. x 2)4 ii^* x 6 In. long. 
This to be drawn down at one heat by hammering to a test piece ^ ins. square by 
18 ins. to 20 ins. long. The same when cold to be required to bend to a right 
angle without breaking. This bar must be bent by blows from a hammer. 

10. After cutting off or allowing for the sand on the top end of the ingot, at least 
12 ins. more of seemingly solid steel shall be cut off that end of the bloom. If 
after cutting such length the steel does not look solid, the cutting «hall be contin- 
ued until it does. 

11. The inspector representing the purchaser shall have free entry td the 
Works of the manufacturer at all times while his contract is being filled, and shall 
have all reasonable facilities afforded to satisfy him that the rails are being mado 
in accordance with these specifications. The manufacturer shall furnish daily 
the carbon determinations of each heat, and a complete chemical analysia of at 
least one heat of each day and night turn in which each element is to ba d«* 
tarmined. 
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12. The reqaliements for No. 2 rails Hhall be the same as for No. 1 except that 
they will be accepted with a flaw in the head not exceeding \i in., and a flaw in 
the flange not exceeding ^ in. in depth. 

No. 7t rails to the extent of 6 per cent of the entire order will be received. 

Composition.— The composition of steel rails is a much mooted question 
for the reason that the different processes used in the manufacture of the ore 
caose the rail to vary in its chemical composition, but do not necessarily change 
markedly the physical proi)ertles of the metal. 

Mr. E. W. Bichards suggests the following composition after considering the 
matter from both the point of view of the manufacturer and the user: 

Minimum. Maximum. 

Carbon. 35 .5 of 1 percent 

Silicon 05 .1 '* 

Sulphur 04 .08 " " 

Phosphorus .08 " " 

Manganese 75 1.00 •» " 

The American Committee of the International Association for testing 
miftterials for rail from 60 lbs. to 75 lbs. per yard gives the following composition : 

Carbon 85 to .60 oflperoent 

Silicon Notover.20 " •• 

Sulphur 

Phosphorus Not over .10 ** " 

Manganese 70 to 1.05 «* «• 

The streni^li of the rail is affected by the temperature at which it passes 
fbrongb the rolls. It is proposed to introduce into rail specifications that the 
shrinkage after they leave the finishing roll till they attain normal temperatoie 
■hall be expressly stated in per cent. 

Begarding the wearing qualities of a rail A. J. Moxham states that the life of 
a rail Is now determined by the life of the joint. The question is not how much 
the rail has woi-n, but how much has the hammering at the joint destroyed its 
usefulness. For heavy traflic he states that what is wanted is a hard ductile rail 
which can only be produced by low phosphorus and high manganese. Anything 
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below .10 of 1 per cent phosphonis cau only be obtained by greatly increased cost 
of manufacture equalling practically 8 per cent of the total. The joint wear was 
not taken into consideration. The service was at the rate of 11,600 cars passing 
per day. 

There is another point in regard to high carbon in a rail, which is, that it is 
pitted by rain water and is yet too hard to have these pits rolled out by the wheel 
of the equipment ; this increases the rolling friction between the car wheel and 
rail. The ends of rails also are in some cases ordered to be cat to ^ in. slope, 
the longest part of the rail being on the head ; this will cause the joint at the head 
of the rail to close first. 

The coefficient of eziMinsion of steel may be taken at .0000066 per degree Fahr- 
enheit, and the extreme range of temperature at 1^ degs. The change in length 
of the total range wUl be .0006 of the length; In a mile this amoonts to over 4 ft 

Electrloal Resistance of Bails.— The electrical resistance of rails varies 
with the chemical composition Of the rail. The following table gives the chem- 
ical analysis and the relative resistance of rails as compared with copper. Th« 
samples upon which tests were made were taken from rails made by several of tlM 
prominent manufacturers. 



Sample. 


Resistance 


Carbon 


Maganese 


Phosphorus 


Sulpher 


Silicon 




Copper»l 


per cent. 


per cent. 


percent. 


per cent. 


percent. 


A 


18.20 


0.88 


1.27 


0.00 


0.06 


0.05 


B 


12.12 • 


0.17 


1.09 


0.09 


0.06 


0.004 


C 


11.65 


0.20 


0.05 


0.10 


0.06 


0.05 


D 


11.51 


0.22 


1.06 


0.10 


0.05 


0.06 


B 


10.04 


0.86 


0.87 


0.06 


0.09 


S:8i 


P 


0.94 


0.37 


0.78 


0.00 


0.04 



TABIDS OF AVBBAOE TRACK BBSISTANCX: (TWO BAILS UH 
PABAIXEL) NHOI^CTINO JOINTS. 



Wt. of each 


Resistance 


Resistance 


Circular Mile Equivalent 


Rail. 


per H ft. 


per Mile. 


in Copper. 


40 


.01018 


.0587 


1,000,000 


50 


.00814 


.0478 


1,280,000 


6f 


.00678 


.0858 


1,600 000 


65 


.00626 


.0880 


1,626,000 


70 


.00581 


.0806 


1.760,000 


76 


.00548 


.0286 


1,875,000 


80 


.00609 


.0268 


2,000,000 


85 


.00478 


.0249 


2,125,0W 


90 


.00452 


.0286 


2,250,000 


95 


.00428 


.0226 


2,876,000 


100 


.00407 


.0216 


2,500,000 


105 


.00887 


.0204 


2,626,000 


110 


.00870 


.0196 


2,750,000 


116 


.00664 


.0187 


2,876,000 


120 


.00689 


.0179 


8,000,000 



ISxpansion and Contraction of Bails.— Temperature of rail for the year 
round; flange, 09 degs., head 70 degs. when the air is 71 degs. in the shade. In a 
continuous rail it is found from experiment that there was absolutely no move> 
mentout of place of the track with the girder type of rail, 6 in. deep, set in con- 
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erete, weighinf; 78 lbs. to the yard ; and it was proven tliat not only the roadbed 
will hold the track as a complete structure when once Imbedded, but that it will 
hold a rail 10 ft. or 89 ft. as well as one 1100 ft. The expansion in 1100 ft. if not 
neutralized would be VA l°s* ^^ ^^ believed that this expansion is actually due to 
a minute enlargement and reduction of the sectional area of the rail. A variation 
of 7 degs. in temperature would subject the rail to a stress of 1000 lbs. per sq. 

TABUS OF WBIGHTS ANI> LlfiNGTHS OF BADLS. 



II 




Feet of 

Track per 

Ton 


■si 




Feet of 
Track per 

Ton 
oflouls. 


•51 




Feet of 
Track per 

Ton 
of Kails. 


18 
14 


18.86 
80.48 
83.00 


280.0 
258.46 
840.00 


48 
40 
60 


76.48 

7r.oo 

78.57 


70.00 
68.57 
67.20 


84 

86 
86 


183.00 
188.67 
186.14 


40.00 
80.63 
80.07 


16 
16 
17 


28.67 
25.14 
26.71 


224.00 

810.0 

107.66 


61 
52 
68 


80.14 
81.71 
88.20 


66.88 
64.62 
68.40 


87 
88 
80 


186.71 
138.29 
188.86 


88.62 
88.18 ' 
87.76 


18 
19 
SO 


28.29 
80.86 
81.48 


186.87 
176.84 
168.0 


64 
66 
66 


84.86 
86.48 
88.00 


62.22 
6100 
60.00 


00 
01 
02 


141.48 
148.00 
144U»7 


87.88 
86.02 
86.68 


81 
23 
28 


88.00 
M.57 
86.14 


160.00 
162.72 
146.09 


67 
68 
50 


80.67 
01.14 
02.71 


66.06 
67.08 
56.06 


03 
04 
96 


146.14 
147.71 
149.29 


86.18 
85.76 
86.S7 


24 
26 
26 


87.71 
89.20 
40.86 


140.00 

184.4 

129.28 


60 
61 
62 


94.29 
95.66 
97.48 


66.00 
55.06 
54.10 


96 
97 
98 


150.86 
152.43 
164.00 


86.00 
84.64 
84.28 


27 
28 
20 


42.48 
44.00 
46.67 


124.44 
190.00 
116.86 


68 
64 
65 


90.00 
'100.67 
102.14 


63.88 
52.50 
61.69 


99 
100 
101 


155.57 
157.14 
168.71 


83.94 
83.60 
83.87 


80 
81 
82 


47.14 
48.71 
60.20 


112.0 
108.80 
105.00 


06 
67 
68 


108.71 
ia\29 
106.86 


50.91 
60.16 
49.41 


l'^ 
108 
104 


160.29 
161.86 
163.48 


82.94 
82.62 
82.81 


88 
84 
86 


61.86 
63.48 
65.00 


101.82 
06.82 
06.0 


60 
70 

71 


108.48 
110.00 
111.67 


46.70 
48.00 


106 
106 
107 


166.00 
166.57 
168.14 


82.00 
81.70 
81.40 


86 
87 
88 


66.67 
68.11 
60.71 


03.88 
00.81 
88.42 


72 
78 
74 


118.14 
114.71 
116JW 


46.67 
46.08 
45.41 


108 
109 
110 


169.71 
171.20 
172.86 


81.11 
80.68 
80.54 


89 
40 
41 


61.29 
63.86 
64.48 


86.16 
84.0 
81.06 


75 
76 

77 


117.86 
119.43 
121.00 


44.80 
44.21 
48.64 


111 
113 
113 


174.48 
176.00 
177J57 


80Ji7 
80.00 
89.78 


43 
48 
44 


66.00 
67.67 
69.14 


80.00 
78.14 
76.86 


78 
70 
80 


188.57 
184.14 
186.71 


48.08 
42.68 
48.00 


114 
115 
116 


170.14 
180.71 
188.20 


99.47 
29.23 
88.97 


46 
46 
47 


70.71 
78.28 
78.86 


74.67 
78.04 
71.40 


81 
83 
83 


127.29 
128.86 
18a48 


41.48 
40.06 
40.48 


117 
116 
119 
190 


188.86 
186.48 
187.00 
188.67 


88.73 
88.47 
88.84 
88.00 
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in. Taking a track laid at a low temperature of 40 degs., and subject to a maxl- 
mamof ISOdegs. or a variation of 80 degs. the stress is equal to less than 12,CC3 
lbs« per sq. In., much less than the elastic limit. It would therefore appear that 
the effect on the steel would be harmless. 

It is well known to track men that the heavy rails do not show as much en- 
pansion and contraction by heat as the lighter sections do. A report w:is mnCu 
to the Road Master's Association in 1889 by Mr. V. T. Douglass of tlie CUc a- 
peake A Ohio B. R., on exposed track construction. He gives the following 
coefficients for different weights of rails. 

Contraction from -f5 degrees Expansion from +5 degrees 

to — -ao degrees F. to -f-TD degrees F. 

Ball. Coefficient. Ball. Coefficient. 

66-lb 00906 66.1b ;.. .00107 

76-1b 00189 7R-1b 000(59 

85-lb 00101 85-lb 00065 

A 66-lb. railf if supported by the proper number of cross ties, will answer 
every engineering demand, even of high speed electric cars. Anything over thia 
goes to the debt of bad Joints. 

Bail In use by different companies varied between 2 ins. and ^% ins. head 
A large number of roads used ^ In. to 1 in. wheel flange in width at tread of 
wheel and 96 to f^ ins. deep. 

Useful Formulae For Balls.— The number of tons of rail for one mito 
single track equals approximately 1 f of the weight of rail In pounds per yard; the 
sectional area of rail in square inches equals approximately ^ of the wci;;ht of 
rail in pounds per yard; the maximum safe weight for rails properly supported oo 
ties Is one ton_f or each 10 lbs. weight of rail per yard. 

THIS. 

The life of ties is largely affected by the earth In which they are burled, and 
raising on ballast and drainage increases their life. The life of ties as given by 
Prof. Both Is as follows: 

Black locust, cypress, red cedar 10 years 

White oak, chestnut oak, chestnut 8 '^ 

Tamarack 7 to 8 " 

Cherry, black walnut, locust 7 ** 

Kim 6 to 7 »• 

Long leaf pine 9 ** 

Bed and black oaks 4t>6 *' 

Hemlock 4t)6 »• 

Spruce 5 ** 

Ash, beach, maple 4 '* 

Hr. Hough gives the'following table: 

Oak 7.4 years 

White oak 7.8 '• 

Post " 7.0 •• 

Burr •* 7.4 " 

Bock *• 7.0 " 

Red ** 5.0 " 

Chestnutoak 7.1 " 

Blackoak .....45 " 

Botttheiu pine 6.5 ** 

White ♦• .....6.5 V 

Cedar, red 11.8 •♦ 

Cedar, white 7.6 «• 

CTpress 8.7 *• 
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A0h, black 8.8 yean. 

Ash. white 4.8 " 

Cherry 6 to 10 " 

The Railroad Gazette^ Dec. S6, 1884, gives the followinj; percentaf^e of the 
▼ariOQB woods used upon 00,900 miles out of 121,592 miles in operation of steam 
track: 

White oak 5fi.8 per cent. 

Cedar 10.4 ** ** 

Tellowpine 8.7 " " 

Northern pine 6.9 " " 

Hemlock 5.9 " »» 

Chestnut 44 " »♦ 

Fir 1.7 " " 

Bpruce 1.6 " " 

Cypress 1.0 " " 

Xiscellaueoos soft woods 0.6 " •* 

Hiscellaneons hard woods 06 " ** 



Total 100.0 



ti •« 



Climatic conditions play a large part in the depreciation of ties. In low 
moist conntry cypress ties last fully as well as cedar; in a dry climate their life la 
redaoed to seven years. Where a tie is covered with earth in its entirety It 
will decay much more rapidly than where it is only partially covered. It has 
been noticed that a largo percentage of lime in soils will produce premature decay. 
Yellow pine tics have been found to be preserved by salt used In thawing the 
snow at guard rails and frogs, while they were badly rotted on adjacent portions 
of track not salted. 

When tics have to be laid on ground, the action of which on the different 
woods is not known, an examination of fence posts along the route, noting the 
kind of wood, and obtaining the length of time planted, will suggest the best 
kinds of woods to use for ties, 

There is no economy in putting down cheap ties. The cost of labor alone In 
ten years will be more than double that of the most durable tie that can be se- 
cured. The essential feature of any railway is the permanency of its rail sub- 
structure and without good ties this cannot be obtained. 

The treatment of tics primarily consists of heating the tie to evaporate the 
sap out of the cells, and afterwards filling or lining these cells with some com- 
pound or chemical which will preserve the mechanical characteristics of the tie, 
and hermetically seal the cellulose of the tie to protect it from attacks of fungi, or 
dry or wet rot. 

The three principal methods used are Bumettizing, Creosoting and Eyanizing. 
Bumcttizing consists of partially impregnating the wood with zinc chloride. 
The preparation being soluble loses its value when exposed to rain or water. 
Oak, pine and fir cannot be thoroughly treated as the preparation only reaches 
1^ in. in hard woods, and in soft wood penetrates the sap wood but not the 
heart of the wood at all. 

The Barschall treatment is the Hasselmann method largely used in 
Germany. Hero the cellulose of the wood is chemically acted on during the 
treating process and forms a direct chemical combination with the woody fiber 
cellular tissue and cell contents. The treating liquid consists of a combination 
of sulphates of iron, copper and alumina' and kainit (which is a natural salt of 
sulphate of potash and magnesia and the chloride of magnesia.) This treat- 
ment chemically impregnates the whole mass when the timber is boiled in it at a 
temperatore of from 100° cent, to 140'' cent., and under a pressure of 15 to 45 lbs. 



ELECTRIC RAILWAY HAND BOOK. X3t 



per Bqaare inch and this treatment Is said to prevent decay and rot effocted on 
exposure and docs not change the physical characteristics of the wood except to 
rednce its inflammability. 

The treatment by creosote or dead oil of tar is largely used, and reports of testa 
show that the life of ties can be greatly prolon<?cd by such treatment. The cost- 
of treatino^ ties should show a profit over labor of renewals and cost of new ties 
during the life of the treated tie. 

Ties per 1000 ft. and per Mile. 
sPAcnro FSR 1000 yr. rsn xilb 

10 ties to 80 ft. rail 883^ 1,780 
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B TO OS] 

18 ins. 
21 •• 
24 " 
27 •• 
80 •* 
86 •* 



1,088 
400 2,119 
48^ 2,288 
466K 1»,464 
500 2,640 
' 2^16 

TiaS FKB MILS 

8.620 
8,017 
2,640 
2,848 
2,118 
1.760 

Board Feet, Cable Feet, and Square Feet of Bearini; SnrDaee per Tie. 

SIZS BOABD RST OUBIO RST BSABINO SUBVAOS 

6 ins. X 6 ins. x 7 ft. 14 60 1.218 2.91 

6 " X 6 " x7 " 17.6 1.458 8.6 

6 ♦* X 7 •* x7 " 20.41 1.7 4.08 

6 " X 8 '' X 7 " 28.38 1.<M4 4.66 

6 " X 6 " X 7 " 21. 1.76 8.6 

6 " X 7 " X 7 " 24.6 2.041 4.08 

6 " X 8 * x7*» 28. 2.888 4.66 

6 " X 9 " X 7 " 81.6 2.626 5.26 

6 " xlO " x7 " 85. 2.916 6.88 

6 *' X 8 " X 8 " 82. 2 666 6.88 

6 " X 9 " X 8 •* 86. aOO 6.00 

6 '> X 10 *' X 8 " 4a 8.388 6.66 

The inspection of ties is largely a matter of experience and Judgment. The 
hewn tie should have flat surfaces. There should be no bark or knot holes or in- 
dications of rot. Ties are graded and placed according to trafQc, or the rails 
which they support; the largest and best proportioned ties are used for the joint 
on main line traffic, the second selection, for general main line worlc. It is nearly 
Impossible to draw a specification for a tie, as the wood adopted, the location and 
local timber possibilities to produce good tics and the price advisable to pay, fix 
the character of tie which it is possible to obtain. The selection of the ties 
should be in the hands of a competent and skilled inspector. 

Steel Ties.— Steel ties have come into use, esx>eciaI1y in hot countries where 
wood is attacked by insects. The steel tie or its equivalent, as shown in the 
Scranton construction, is becoming more extensively used, as concrete is now 
largely employed for foundation under roadbeds. 

Fig. 02 gives one form of steel tie, which consists of an inverted channel iron 
7 ins. wide, 1^ ins. web and A ^^^^ thick. The rail is secured to the tie by means 
of an angle bar and bolts. The total weight of tie is about 66 lbs. The spadng 
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of these lieg should be arranged from 6 ft. to 11 ft. according to the weight of the 
rail aud the character of sub-construction in concrete work. 

Steel tIcB which rest on ballast are nsually provided with concave under^ 
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surfaces to prevent ballast from working from under the tie. This character of 
tie is largely used for steam railroads in southern countries. 

Spikes.— The size of the standard spikes for rails from 35 to 40 lbs. Is 6 ins. 
x^ in. ; from 40 to 52 lb. rails, 5 ins. x ^^ ins. ; from 45 to 85 lb. rails, 5^ins. z ^^ 
ins. 

Spikes Required per lOOO ft. and per Mile Sing^le Track, with Four 



7.040 
7»744 
8,448 
9,15S 
9,860 
10,560 
11.264 







Spikes 


per Tie. 


SPACING OF TIBS 




PKB 1000 PT. 


10 ties to 80 ft. 

11 " " " 


rail 




'» 


12 " »» " 


*» 




1600^ 


18 *' ** ^^ 
12 " " " 






'A 


15 " •• " 


(t 




2005^ 


16 ** " ** 


t( 




2138>< 



SPIKE TABLE. 














« 




1^ 


t 


Size of 


P^ 


QQ 


Spike. 




1L 

•^ 




< 


1 


8^in. x/«in. 


900 


0.2222 


4 in. X /« in. 


780 


0.2564 


4^1n.xfsin. 


675 


0.2863 


4 In.zUIn- 


600 


0.88*^ 


4^in.xili». 


530 


0.8773 


fi in. x>j|iu. 


500 


0.4000 


6 In. z A In- 


890 


0.5128 


6Hin.xftin. 


850 


0.5714 



KEOS PBR HILB OF TRACK. 



Tn SpAcnro 



4 Spikes per Tie. 



2 ft 2 ft. 2 ft. 
6 in. 8 in. in. 



9.89 
10.83 
12.52 

14.08 
15.94 
16.89 

21.66 
24.14 



10.48 
12.04 
13.91 

16.65 
17.71 
18.78 

24.07 
26.82 



11.78 
18.54 
15.64 

17.60 
19.92 
21.12 

27.08 
80.17 



6 Spikes per Tie. 



2 ft. 



14 08 
16.24 
18.78 

21.12 
28.91 
26.33 

82.60 
86.21 



I ft. 2 ft. 
8 in. in. 



15.65 
18.06 
90.86 

88.47 
25.56 
88.17 

86.10 
40.28 



17.60 
20.31 
88.46 

86.40 
89.88 
81.68 

40.61 
46.25 
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It has been found that it takes 4281 lbs. to draw a i^-in, spike driven 4^ ins. 
into a seasoned oak tic; the same spike in nn'-easoned oak took 65S8 lbs. On 
seasoning the wood the spike loses in holding power. Experiments on ^in. 
spikes driven 4^ ins. into yellow pine, showed 8000 lbs. and for oak, COCO lbs. 
The force is considerably more in hard wood to pull the spike out; in softer 
woods the force Is about \ less to pull the spike than that required to drive it. 

Tie Bods.— These take all lengths and sizes depending upon the service and 
gage of road. The form generally adopted is shown in Fig. 83, 9g ins. x l^j^ ins. being 
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a section of iron commonly used. The thread should be cut far enough back to 
the tie rod can be inserted after the rails are in place, and the hole in the nil 
should be large enough so as not to mar the thread in passing the tie rod in. The 
flat section requires very little space between the blocks in brick or granite pave- 
ment, but the tie rods should be so spaced that they can accomodate between 
them a convenient number of paving blocks or bricks without loss of time in cut- 
ting the pavement to fit. Round rods are used in macadam construction. 

Tie Plates.— The tie plate is more generally used on elevated than on rarfaoe 
roads and is interposed between the base of the rail and tie so as to present a larger 
surface to the tie than the base of the rail, Fig. 94; it is usually secured independ- 
ently to the tie so the rail movement will not chafe and wear the tie at the point 
of bearing with the rail. On curves tie plates have an additional advantage of 
distributing the canting effect and lateral strain on the rail over a large area, and, 
in addition, where the spike passes through the tie plate the efficiency of the spike 
is increased, preventing the movement of rail away from gage line. 





Fm. 04.— m flats. 



Flo. 96.— OLD HORSB-CAR RAIL 
ON STKIN6BR. 



Chain*— In horse railways, the flat rails emp/oyed were mounted on 
wooden stringers. This was necessary to raise the rail above the tie and thus 
provide room for iMving and sufficient filling under the pavement to prevent nn< 
equal settling due to the pavement bearing directly on the tic. This construction 
is shown in Fig. 96. With the 1 ow rails first used in electric railway work chairs 
were used to supplant this wooden stringer, as it gave trouble from rapid decay, 
especially nnder the joints. They were originally of cast iron, but on acoonnt of 
the Tariation in castings their fitting to the rail section was not satisfactory, and 
the fragile chwnctsr of the chair led to the introduction of chairs made of drop 
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forgings of iron and steel In varions forms, Figs. 06, 97, 08 and 09, taking the form 
of the box girder rail to which is fastened the base of the rail by bolts or clips as 
shown. To overcome the canting eCort of the rail on the paasing of a load, 
chairs combined with braces were used, see Figs. 100, 101 and 102. These also 






FlOS. 06, 07, 06 AND 09.— RAIL CHAIRS. 

transfer directly to the tie the side thrust caused by the car wheel flanges bearing 
against the side of the rail. 



IIAII* JOINT FASTENERS* 

In no part of the track has more thought or ingenuity been spent than on the 
proper mechanical Joining of the rail lengths together. The ideal Joint is one 
which Is as strong and substantial as the rail itself. If an opening Is left between the 
iiidfl of the rails, say of ^ In.^ to accomodate the chai^jes in the length of the 
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nil dae to diflerences in temperatore, an opportunity Is afforded to start a pound 
when the wheels pass over it ; each wheel in passing contribnting its qnota toward 
the destraction of the joint. 

Bolted Joints take the f onn of a plate bearing against the side of the rail and 
bridging the joint. The common form consists of an arched plate having a top 
and bottom bearing rolled to lit the rail, and secured in position by bolts passing 
through the joint plate and rail. Figs. 81 to 91 show sections giving some differ • 
ent forms of joint plates. For rails 6 ins. and over in height the bolts can be 
drawn so as to buckle the joint plate thereby destroying Its bearing contact with 
the rail. Figs. 82, 83. 84 and 85 show an intermediate rib rolled in the joint plate 
which is normally out of contact with the web of the rail, but is brought to bear 
on the web before the bolts are tightened sufficiently to buckle the plate. 

Pratt A Alden give the following recommendations regarding joint plates: 
** For 6-in. rails they should not be less than ^ ins. thick at the center; for 7-in. 





J^^ 
^^S 



Figs. 100, 101 and 102.— rail ohaibs and bbaces. 

rails % ins., and for 0-in. rail not less than % ins., to prevent buckling under the 
bolt pressure.'* They advise a double row of bolts located as near the bearing sur- 
face as possible for the reason that the channel or joint plate as shown depends 
entirely on the compression given them against the rail. Several railroads have 
hot riveted the plate to the rails, instead of using track bolts. 

To strengthen this weak part of the track numerous track joints have been 
devised to afford a bearing to the rails independently of the track bolt tension. 
The lengthened chair at the joint was the first attempt in this direction for im- 
proving the joint. 

The " Continuous *' rail joint shown in Fig. 108 is an extension of the Joint 
plate, which includes the bearing of the base of the rail on the plate; here ten- 
sion and compression are set up within the joint plate, and do not act directly 
against the bolt heads. If the fit was perfect around the lower flange of the rail 
it could transfer the strains across the joint without movement of the rail head. 
Fig. 104 shows the '* Churchill ^ rail joint, which provides a bearing for the rail 
on a plate tecored ^«tW9e« tbe pro^ectinj;^ sides of the Joint plate, the l^we^^lt 
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Acting AS a locking device for this bearing plate. The Atlas joint shown in Fig. 106 
embn&cesthe joint with two pieces which are clamped together by bolts, and ex- 
tra metal is used where the ioint is suspended. Fig. 106 shows the Weber rail 
joint which consists of an L-iron, on which rests the rail base, and is secured to 
the rail joint by Icnjjthening the track bolts to i»ss through the angle, as well as 
through a wood filter interposed between the regular joint plate and the angle. 





Fig. 103.— coKTnarous rail joint. 



FlQ. 104.— CHUBCHILL BAIL JOINT. 



There are a number of track joints of the bolted and keyed type, some of 
which should give good service. Cut the track joint question is one that every 
railway man has to study for himself in order that the conditions of his own 
special problem of tracks can be fully considered. The spacing of the bolts and 
the length of the joint niate are matters on which there is a diversity of opinion. 





FlO. 106.— ATLAS BAIL JOINT. 



Fig. 106.— websb bail joint. 



and are govemed largely by local conditions. Track joints vary in length from 
20 ins. to 88 ins., and are fitted with from four to twelve bolts 

Electrically Welded Joints.— In the original method of electrically 
welding joints the adjacent rail ends were abutted and a current of about 20,000 
amps, was passed throu;;h the joint. This heating effect brought the contact 
•nrfaces np to welding temperature and while at this temperature the rail ends 
were forced together and welded. The heating of the rails evidently reduced the 
carbon In the steel for tl^e rail was softened and when the contraction took place 
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due to air temperature changes, the rail fractured at the points of welding in a 
number of cases, and the rail being softer at these portions low spots alio 
developed. The latest method is to electrically weld on each side of the joint 
bars with bosses which confine the heat.to small areas. The results are said to bo 
very satisfactory and a large amount of track welded in this way It in use in 
Buffalo. 

Cast Welded Joints.— In this case the Joint is surroanded by a matrix to 
hold molten iron in such form that when the mass is cooled the additional 
strength afforded by tlm mct.U surrounding the Joint compensates for the loss in 
strength of the r:;:i du ) to its rise in temperature. These jointa are ponzed 
weighing from 190 lbs. to 260 lbs. each and have given good results in serviee where 
the rail has been of such a compo ition as not to have its hardness changed hy 
the heat from the molten iron. In some rails the property of self hardening is 
notas marked as in others. A high manganese rail gives the best results, showing 
less failures of welded joints. In som j cases care has not been used in raising the 
ends enough, so that the head of the rail can be ground to a surface in alignment 
with the i»urfaee of the rail. If there is a low spot at the joint, the action of the 
car wheels tends to aggravate the trouble. 

The thermit joint is a welded joint in which the heat for welding is generated 
by an ex-ochermic reaccion. Thermit is a composition of iron oxide and finely 
di V diHl aluminum, and when placed in a special crucible and Ignited bj a special 
powder, a powerfnl reaction lakes place, accompanied by a large evolution of heat 
which raises ttie iron far above its melting point. The aluminum takes up the 
oxygen and floats as clay, while the pure iron at a temperature of about 6600^ F, 
corecte at the bottom. The crucible is then tapped and the molten iron introdnoed 
into the bottom of a mold around the joint 

The Nicolls joint is a combination of the inte8T<^I and the fish-plate joint. 

The fish-plates are so placed that a ^in. space is left between them and the 
rail, then this space is filled with molton zinc. The zinc by virtue of its mallea* 
bility is well able to resist shocks and retain the electric continuity of the joint. 

(For electrical conductivity of rail joints, see Return Circuit). 

Bolts.— Bolts for plain channel joint plates should be % ins. in diameter with 
ribbed plates. Bolts may be 1 in. in diameter. The nut may be either square or 
hexagon, the square nut giving the largest surface against the joint plate, but in 
many cases the hexagon has to be used in order to obtain clearance. The portion of 
the bolt adjacent to the head for a length equals the thickness of the joint plate. 
It is oval in form and fits into an oval hole punched in the joint plate. 

SPECIAI. WORK. 

This term is used to cover all portions of track requiring any special design- 
ing, such as curves which cannot be sprung into place by the track foreman, 
crossings, tamonts, switches, etc. 

A plain curve, Fig. 109, connects two straight sections of track at an 
angle to each other, both of the straight sections being tangent to the 
connecting curve.. Fig. 110 shows the reverse curve which connects two 
tangent sections of track parallel to each other. Fig. Ill shows the right hand 
crossover. Fig. 112, the left hand crossover. Figs. 118 and 114 gives the right and 
lefthand branch-offs respectively. Fig. 115 shows the crossing and Fig. 116, the 
connecting curve and crossing. Fig. 117 shows the plain Y; Fig. 118, the three- 
part Y and Fig. 119, the three-part through Y. 
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Turnouts, Switches, Etc.— Turnouts aro illustrated in Figs. 120 to 122. The 
diamond turnout, where the main traclc is central to both turnout tracks is given 
in Fig. 120. Fig. 121 shows the side turnout where the turnout is thrown over to 
the side of the main line, and Fig. 132 shows the turnout where the center of the 
main line track is displaced by the distance between the centers of the turnout 
tracks. 

In Fig. 123 trie names of the different parts of special work as thej are gener- 
ally knowa i:re given, although their nomenclature varies in detail in different 
parts of the country. The point of crossing of two rails is commonly known as 
a frog. The initials of the diHerent parts are generally used: e. g., L.H. T. S. 
for left-hand tongue switch, etc. 

"Where special work is ordered the parts that are shown in Fig. 128 together 
are generally made in one piece. The "hand "is always determined by the side 
to which the curve turns off as it appears to a person facing the point of the curve. 

The method of construction of special work varies with its nses. Bolted 
work is largely used in exposed surface track, but in city streets a more perma- 
nent structure has to be used in order that the life will be longer, on account of 
the large expense of repaving and renewal. Here the rail parts are cast together 
after being fitted. 
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Bolts with Hexagon Nuts. 
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Jim, 188.— yoiixvcLATUBi or sfboxal wobk« 
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Fig. Id4 shows one of the methods used for built-up frog work, and the 
nomenclature of the different parts. The fitting of pieces of rail together is done 
by using a templet to obtain the proper track angle between the rails and making 
a pattern which fits between the heel and flangeway. These patterns are then 
cast in iron and bolted and riveted in position. 
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Fie. 134.— BUILT-UP rsoe work and nokbitolatubi or DirrsBXHT pabts. 

The wear on special work occurs at the switch and mate points and frog cross- 
ings. In order to maintain these points and have the flange of the wheel ride so 
that the tread of the wheel will not bruise the switch or frog points, they are made 
of harder metal than the main part of the special track. This result is generally 
obtained by an inset of manganese, or nickel, steel, formed to fit as in Fig. 1^ or 
by some special hardening process. 




FlO. 12s.— SPECIAL WOBK WITH HABDXKBD POINTS. 

The spring frog, Fig. 126, is used on the main line where it is normally con- 
tinuous; at track crossings anj^Ie plates are used, as shown in Fig. 127, in built- 
up frofts, which are bolted or riveted to the intersecting rails. In addition a sole 
plate is usually bolted underneath the track crossings to maintain the alignment 
of rails. 

Guard Balls.— At curves there is required a guard for the outsido o^ the 
flange of the outside wheel on the curve for curves of radius of SOO ft. and 
under. It is the practice for curves under 70 ft. radius to have guards on both 
rails for both wheels. The distance to space a guard depends upon the depth and 
thickness of the car wheel flange, and whether the curve is laid wider than gage 
or natural gage. In some track construction the curve is laid to a slightly nar- 
rower gage than the main track gage for the reason that the gage line is a radius 
of the curve while the wheel axles are at an angle to this radius, making their 
1^6 Una across rails farter, 
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In relation to curved rails the clearance between guard and rail can be de« 
termined by making a section of the wheel flan^^e tangent to the wheel tread in 
celluloid and passing this aroand the gage line of the curved rail; allowing the 




Fio. 126.— spRrao VBoa (main linx). 

gnard rail to clear this at least one-quarter of an inch will give the proper spacing 
between the guard and the rail. 

Fig. 12s shows one method to be used on long radius carves where a cast iron 
spacing piece and strap iron guard is bolted to the rail. The spacing pieces are 
from 14 ins. to 24 in 3. on centers depending upon the curvature of rails. Figs. 
129, 180 and 181 show other approved forms. 




Fig. 127.— BUiLT-xjp ntos. 

Where tracks ctoss trestle work and at dangerous crossings it is compulsory in 
some states (and also an advisable construction) to place two continuous gnard 
rails between the rails, bent to nearly reach each other ten feet before approach- 
ing fbe hazardous crossing, In order to throw i^ 4^^^^ 9*T tOwaid tl^^ t^^ck. 
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Gurres. — ^Wheie the track changes Its direction the introdaction of a curve 
ifl necessitated. The center line of this cunre may be stmck Joining the tangents, 
the radins being determined by the local conditions. In single track, In streets, 
the center from which the conre is stmck may be In the curb. Suflicicnt clear- 
ance most be allowed for the obstmctions at street comers so as not to endanger 
alighting passengers, or, in the case of open cars, passengers standing on the 





Fios. 128 Aim 129.~ouABD rails. 



tunning board. An accident arising from such a condition Is evidence In Itself 
of improper constraction, and renders the railway company liable for injuries 
sustained. 

The surface of a street presents obstmctions in the way of manholes, and 
subsurface stmctures belonging to other companies. If none of these exists the 
diagram given on page 123 of curves for 00 degs. when main line tangents are 
at right angles, can be used in the following way: Required to find from the 
tangents the largest radius possible for the track; suppose that the road passes 
from one intersecting street 60 ft. wide to another 80 ft. wide at right angles to 
each other, this will bring the center line of track 25 ft. from one curb and 15 ft. 
from the other curb. From one scale terminating at A on the diagram page 128 
follow the line from 25 until it meets the line from the other scale terminating at 
A from 15; these v. ill be found to intersect near the curve 60 which gives the radius 
of the largest curve that can be used under these conditions. Plotting these re- 
•ults on section paper shows, M^ Fig. 182, that the dotted center line Just strikes 





FlOS. 180 AXO 181.— OTTABD BAILS. 

the curb line. The radius of the proper curve must be reduced by such an 
amount that the center of the track will be so far away from the comer of the 
curb that the widest car will pass with sufficient clearance. The car body forms 
a portion of a moving polygon, the side of which is permanently fixed through 
the centers of the car axles in a single truck, and through tho truck pivots in a 
double track car. All car body movements dne to play in trucks tend to throw 
the car body away from its shortest curve of motion. 

Tho nsnal way that this proper curve is located graphically is to cut out of 
trft&slncent celluloid the horizontal projection of the outline of the car body on the 
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same scale as is used for the special work layout, and through the fixed center of 
axles or tracks as the case may be drill a small hole. With this templet the position 
of nearest approach can be found, and it will also locate the points through which 
the truck centers must pass for the largest available carves. Thos, with fixed 
tangent ixMitions, the two points which represent the truck centers will locate- 
the simple carve to be used for each case. 
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Fig. 182.— obaphio method of latiko out oxtbyes. 

If there are any obstructions, such as iioles, lamp posts, or water plugs along 
the curb, allowance should be made for clearance when pa«senger8 are standing 
on the running board or step of car. For economical reasons the tendency is to 
increase the length and width of the car body. It is therefore important that the 
best possible compromise should be made between the longest curve radius that 
can be used and the maximum clearance, many roads to day being compelled to 
change curves in order to operate larger cars. 

In the consideration of curves on double track, each track can be treated in* 
dependently, but as in this case the car on the other ttack is the obstruction to 
be cleared, the car fender has to bo considered as part of the car, as well as the 
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movement of the carbody en its bearings due to centrifugal force which will dis- 
place the inside car tovrnrd the ontslde one in passing. Two templets shonld be 
used and in no positi n o^ either should there be less than the allowed safe clear- 
ance, which varies with the speed and radius of curves. 

The curves in Fig. 132 have been worked out for 28 ft., single over all, car 
bodies having trucks 7 ft. between wheel centers, to show the method of applica- 
tion. In many cases this curve has again to be shifted to avoid obstructions 




IllsMiSiil lil jlljili!!!!! 



VlQ, 188.— XBTHOD OF I.ATIKO OITT EASEMENT OTJBVE. 



which cannot be moved, such as gate boxes, man hole covers, etc., all of which 
are difDcuItles which confront the railway engineer at many curve locations. 

The simple curve only has so far been considered, but the ones really laid 
down in modem railway practice are what are variously known as spiral, teansi- 
tion and easement curves. These are compound curves which change their 
direction near the tangent less rapidly than the simple circle. They are com- 
posed of a number of curves with varying radii, the longer radii being at the 
switch point and gradually reducing in length until the central portion of the 
curve becomes a plain circle. The effect of a car passing around one of these 
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compounded curreB is to gradually increase the angalar motion of the car aroand 
the curve so as to make the change in direction less perceptible. 

An easement curve of the form of a parabola can be laid out on the ground in 
the following manner: Continue the track tangents to their point of intersection. 




and at the point, which will allow ot the clearances in the center of the curve» 
drive a stake in a symmetrical curve, at the point marked /In Fig. 1S8, which wiU 
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be at equal distances from the point where the track ceuler leaves the tangent. 
Having located these points, marked A and B^ by driving? stakcn, stretch a strin^i; 
G^in. cotton cord will do) between C and B and C and A which will form the 
track tangents; then between these two lines stretch a cord and carry it toward 
A and B from C nntil It touches the stake /. This cord should be secured to 
stakes /^and D both located the same distance from C, when the cord is touching 
■take/. 

To locate the other points in the curve, divide distances C-F^ C-D into an 
equal number of parts and also F-A and D-B^ numbering the divisions from A to 
(Tin order and from Cto ^ in the same order. Stakes should be driven at each 
of the points and cords should be drawn for stakes of like number on the two 
tangents, when the points on these curves will be at the center of any cord be* 
tween two adjacent Intersecting cords: e. g. /Is located midway between 10 and 
18, M is located midway between 9 and 10, etc. 

When work is ordered for curves of this character, the points A^ByCy D^P 
and /should be plotted, as these points will determine the form of the curve 
from which the rail manufacturers can bend the rail. The dotted line shows the 
departure of this curve from the plain circle connecting the two tangents. This 
curve presents difficulties in double tracks, but curves derived from a succession 
of decreasing arc lengths from the point of tangency of the track until a simple 
curve can be struck, and again becoming a symmetrical spiral until the other 
tangent track is reached, give better center clearances. 

Fig. 134 gives the method of laying out; the center line of track tangents are 
laid out, and from them are computed the displacement of the track from this 
line for the different radii of curves forming this spiral. 

Supposing that spiial No. 1 was required to fit between two track tangents 
at right angles to each other, the first curve would have a radius of 210 ft., and 
would include an arc of 42 minutes, as shown in the table under the heading 
"angle." The center line would depart .015 ft. from the center line, column " jr," 
and this point would be 2.565 ft. from the point of starting. These points can be 
measured oil for each point of departure along X and Kas shown in Fig. 134. 

The column headed ** S° " gives the total angular deflection at each point of 
the spiral. 
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1 









SPIBAIi KO. 


3. 








Bad. 


Angle. 


X, 


y- 


S». 


Vep. Sine. 


Sine. 




800 


PO' 


0.046 


6.;J3tJ 


PO' 


.00015 


.01745 




150 


gOQ/ 


0.229 


10.468 


8°0' 


.00137 


.05284 




100 


8»0' 


0.639 


15.688 


e^o' 


.00548 


.10458 




76 


4°0' 


1.368 


30.871 


10^0' 


.01519 


.17865 




60 


60O' 


2.501 


25.983 


15° 0' 


.03407 


.25882 




60 


6°0' 


4.118 


80.959 


21 ='0' 


.06648 


.86887 




40 


7°0' 


6.143 


85.408 


28° 0' 


.11705 


.46947 



S^IBAI. NO* 4* 





Bad. 


Angle. 


jr. 


y- 


S*. 


Vep. Sine. 


Sine. 




420 


0^ 4r 


0.031 


5.131 


0°42' 


.00007 


.01228 




210 


1°24' 


0.157 


10.261 


3° 06' 


.00067 


.08664 




140 


20 6' 


0.439 


15.384 


4«12' 


.00269 


.07824 




105 


2° 48' 


0.939 


20.490 


70 0/ 


.00745 


.12187 




84 


8° 80' 


1.720 


25.561 


lO'SO' 


.01676 


.18224 




70 


4" 12' 


2.839 


80.567 


14<»42' 


.08278 


.25870 




60 


4° 54' 


4.852 


85.469 


19° 86' 


.05794 


.83546 









SPIRAIi NO. 


5. 








Bad. 


Angle. 


jr. 


y- 


s^ 


Yer. Sine. 


Sine. 


1 


600 


0°30' 


O.U;i>3 


6.286 


0^30' 


.00004 


'. 00678" 


2 


800 


1° 0' 


0.114 


10.471 


1°30' 


.00084 


.08618 




200 


1°80' 


0.320 


15.703 


8<» 0' 


.00187 


.06284 




150 


2° 0' 


0.685 


20.926 


6<» 0' 


.00381 


.06716 




120 


2° 80' 


1.255 


26.130 


7° 80' 


.00656 


.18068 




100 


8° 0' 


2.078 


81.802 


10° 30' 


.01675 


.18224 




85 


8° 80' 


8.175 


8'5.374 


14° 0' 


.02970 


.24198 



SPIBAI. NO. 6. 





Bad. 


Angle. 


X, 


y* 


S°. 


Ver. Sine. 


Sine. 


1 


900 


0°30' 


0.015 


5.236 


0°:20' 


.00002 


.00J82 


8 


450 


0°40' 


0.076 


10.472 


1° 0' 


.00016 


.01745 




800 


1° O' 


0.218 


15.706 


2° 0' 


.00061 


.03490 




225 


1°20' 


0.457 


20.936 


8° 20' 


.00169 


.06814 




180 


1«40' 


0.837 


86.158 


6° 0' 


.00381 


.08716 




150 


2° 0* 


1.385 


81.865 


70 0/ 


.00745 


.12187 




128 


2°20' 


2.1'» 


86.524 


9° 20' 


.01324 


.16218 



Where a switch is to be located at the beginning of a carve the radius of the 
switch tongue limits the first radius to be usod, and the easement cannot be as 
great as in plain track, 100 ft. being a common radins for switch points. 

The Union Traction Co., Philadelphia, has developed for its own work spirals 
for 90 deg. curves which fit its track gage, 5 ft. 2^ ins. The company always take 
these measurements from the gage line of the inner rail, the first easement radios 
being greater than the above tables, and the center radius less, which gives 
greater clearance between cars at center of the carve. Fig. 135 and table on 
page 129 give data of the standard plain curve. Fig. 130 and the table give 
carves with 100 ft. radius switch. Fig. 137 gives the combination of these two 
cnrves in the standard branch-off cnrvcs. 

It is not within the scope of a handbook to go into the details of the treatment 
of complicated cases of spirals and carves. The matter can be found treated 
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fnlly in Pratt A Alden's " Street Railway Roadbed," Tratman's " Railway Track 
and Track Work,'* Searle'8 "Field EnKineering," and many articles on special 
work in the Street Railway Journal. 
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BODDIJB ORBINATES ON TEN FOOT CHOBDS. 



M. O 



r. 



Radios. 



ft 
800 

840 

818 
800 
184 

171 

leo 

150 

141 
188 
1^ 

180 

114 
109 

104 
100 
90 

98 
90 



I 



m 






*» 



.1 

10 

Si 

■If 



f 



lOA 



M. O. 



BadiuB. 



ft. 
64 
64 
68 

68 

61 



57 
57 
66 

55 
55 

54 

54 
58 
18 



51 
61 

50 
50 
49 

49 
48 
48 

47 
47 
40 

46 
45 
45 

45 
44 
44 

43 
43 
43 
48 



In. 



7 



10| 



I' 



I 
I 
I 

81 

'It 
\ 



M. O 



111 



tk 



4* 



I 



Radios. 



ft. 
43 
41 
41 

41 
40 
40 

40 



89 
88 
38 



87 
87 



87 
87 



86 
86 
85 

85 
85 
85 

84 
84 
84 

84 
88 
88 

88 
88 
88 



88 
88 

88 

81 
81 

81 



in. 

f 

10 

f 
3 

Si 

81 



I 

1 



M. O. 



if 

6 



ifi 



^ 



Radios. 



ft. 
81 
81 
80 

80 
80 
80 

80 
80 



80 



88 
88 
88 



87 
87 

87 

87 
87 

87 
87 
80 

86 
86 
86 

86 
86 
86 

85 
86 
85 

25 
85 



in« 



? 



I 






In Ofder to detennine the radius of any simple cnrve of track, a stratirht 
«dg6lOft long is laid against the rail on the inside of the curve or gage line, 
and the distance between the middle of the straight edge and curve on gage line, 
perpendicular to the straight edge is measared. This will give what ia called the 
f middle ordinate.** From this length the radios of the curve can be determined 
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^ 



by reference to the table of middle ordiuates on ]>af^ 1)1. For example. If the 
distance wris 2.^ ins., then the radius of the cnr\-o is 65 Tt. 10^^^ ins. 
Bail bending to any radios is determined in the same manner. 




Fia. 137.— BASI1RKT— STANDARD BRANCH-OFr SWITCH AT BOTH BNDS OF OURVB. 

Sui>er EleTfttlon of Balls.— Where cars ran rapidly around curves it is 
the practice where possible to elevate the outer rail in order to reduce the prei- 







SUPER t:t.kvation of outer rail. 








Radius 


3 Ft. GaRc. 


8 Ft. 6 In. Gage. 


4Ft.8V^In.Gige. 


of 








Curve 

in 
Feet. 


Speed of Train in 
Miles per Hour. 


Speed of Train in 
Miles per Hour. 


Speed of Trsin In 
Si lies per liuur. 




10. 


20. 


80. 


40. 


60. 


10. 


20. 


80. 


40. 


50. 


10. 


20. 


80. 


40. 


60. 


40 
50 
60 


lli 










8 










4A 










90 
120 
150 


il 










% 










1^ 










200 
800 
400 


\ 


ll 


v. 






r 


?1 

1< 


4f'. 






1' 


6 


fi| 






600 

800 


'I 


21 


«A 




r 


11 


211 

2i|8l 




% 


11' 


\ 


S» 
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aure against rail and wheel flanges dae to the centrifagal force exerted by th€ 
moving car. The table on preceding page gives the elevation allowed for 
different gages and speeds. Sometimes only one-half the elevation is given to 
outer rail and the the inner rail is depressed by the same amonnt. 
For Bonding and Rail Connections see "Line Work,'* Section 5. 

TKBSTUB WORK. 

Where trestles show less cost than filling, especially over marshy or soft 
ground, and over railway tracks, they may be built either of wood or iron* The 
combination of wooden approach trestle and iron lattice or girder sptns over 




Fie. 188. 

tracks where locomotives pass underneath is often used on account of danger 
from fire from sparks. 

Fig. 138 gives an excellent form of trestle for marshes. (Designed by Ford« 
Bacon A Davis.) The following Is the general data: The bents shown in Fig. 188 
are 15 ft. apart for cars not weighing, loaded, over 85,000 lbs. at a speed not 
exceeding 10 miles per hour. There are six piles in each bent located as shown, 
in this case from 80 ft. to 45 ft. long, 10 ins. to 13 ins. top. The framing is long 
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leaf yellow iiine. The caps are U Ins. z 13 ins. There are four i^lrden under- 
neath each track, 8 ins. z 13 ins.; the cross and longitudinal braces are 8 ins. z 
10 Ins.; the braces are thoronghiy bolted, and the oape are secured by a 1 in. 
dowcU pin from 18 ins. to 24 ins. in len^ driven in a |S-in. hole, the dowell 
being covered with white lead before driving. The tics are 6 ins. z8ins. z 
9 ft. yellow pine, spaced 18 Ins. on centers; the gnard stringers, one on each side 
of rail, are also yellow pine; the track centers are 11 ft. 1^ ins. apart, allowing 
two 9 ft. 6 in. car bodies to pass. 

The mean given for the ultimate resistance to compression for white oak 
ttsed as a post is 8470 lbs. per sq. in., and 4544 lbs. per sq. in. for yellow pine. 
600 lbs. per sq. in. is the figure generally used, giving the proper factor of safety, 
for yellow pine. 

The length of the poet which will not yield, as found from tests made at 
the Watertown Arsenal Is given in the table below. These tests were made upon 
rectangular yellow pine posts with flat ends having a length of from 5 ft. to 28 
ft., and ranging in sectional area from 27 to 140 square inches. 

The results may be generalized as follows, calling -^ the ratio of length of 
poet to least side of cross-section, and f the ultimate resistance to compression, 
in pounds per square inch : 

J_ f S4TIO or DECaBAtB. 

:'l6 4000 1.00 

15 : 80 8600 0.88 

80 : 40 8000 0.7S 

40 : 45 8600 0.08 . 

46 : 60 8000 0.60 

60 : 60 1000 0.88 

WOODEN BlfiAMfiL 

The following is a general sumnuuy of the results obtained by Prof. Lann 
from numerous experiments upon wooden beams. They were of an average 
section of about 12 ins. x 4 ins. and were tested for mean span lengths of about 
18 ft. 

Kind of timber. Modulus of rupture ^^ «^ ^^^f^^^ ^;>7^^ "^""f^^ "^P^"'^)^ 
'^ R Qloment of resistance of cross section.) 

XAXIMUM. MINinUl^ mJLK. 

Snmce 8878 2986 4884 

White Pine 6415 8488 4808 

Oak 7869 4964 6075' 

Yellow Pine 11800 6092 7292 

The above statement of the maximum and minimum values does not con- 
sider the results obtained in a few isolated cases for which the conditions were 
radically different than for the others. It was found that the beams frequently 
gave way through longitudinal shearing near the neutral axis, though this was 
not as common a source of failure as breaking across the grain. 

For spruce the mean intensity of the shearing strains, for beams that failed 
in this manner, was 191 lbs. and for yellow pine 248 lbs. For beams that failed 
otherwise, the mean intensity of shearing strains at the moment of rupture was 
very nearly the same. 4i 

The conclusion appears, therefore, to be warranted that for soft timber there 
is an almost equal tendency for beams to fall by shearing longitudinally at tlM 
neutral axis, as by the tearing of tlie outside fibers. 



r 
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Owing to the wide range of the lesalte obtained and the generally erratic 
behavior of timber eabjected to strains, Prof. Lanza recommends the following 
Tallies for moduli of rupture to be adopted in practice. 

Spruce and White Pine *. .8000 lbs. 

Oak 4000 *• 

TeUowPine 6000 " 

These yalues are lower than heretofore In use, and a safety factor of 4, on the 
basis of these values may be assumed as ample for all cases. 

The following table has been calculated for extreme fiber strains of 750 lbs. 
pw square inch: 

SAFB I.OADS, UNIFOBMLT DISTRIBUTED, FOB BECTANGU- 
ULB SFBUOB OB WHITE PINE BEAMS. 

One Inch Thick, 

(For oak, increase values in table by one-third). 

(For yellow pine, increase values in table by two-thirds). 



Span 
in 

Feet. 


- Depth or Bkax. 


8" 


7" 


8" 


V 


10" 


11" 


12" 


18" 


14" 


16" 


16" 


5 
8 

7 


000 
AOO 
480 


820 
680 
580 


loro 

890 
700 


1880 
1120 
900 


1670 
1890 
1190 


2020 
1080 
1440 


2400 
2000 
1710 


2820 
2850 

2010 


8270 
2780 
2880 


8750 
8120 
2680 


4270 
8600 
8050 


8 



10 


880 
880 
800 


610 
460 
410 


670 
600 
680 


840 
750 
070 


1040 
980 
880 


1200 

nao 

1010 


1600 
1880 
1200 


1700 
1560 
1410 


2040 
1810 
1680 


2840 

2060 
1880 


8070 
2870 
2180 


11 
\% 

18 


270 
250 
280 


870 
840 
810 


490 
440 
410 


610 
560 
520 


760 
690 
640 


020 

840 

780 


1090 
1000 
900 


1280 
1180 
1060 


1490 
1800 
1200 


1710 
1560 
1440 


1940 
1780 

1640 


14 

15 

16 


210 
800 
190 


290 
270 
200 


880 
860 
880 


480 
450 
420 


600 
660 
520 


720 
670 
080 


860 
800 
750 


1010 
940 
880 


1170 
1090 
1030 


1840 
1250 
1180 


1580 
1420 
1880 


17 

18 

-19 


180 
170 
100 


240 
280 
210 


810 
280 
280 


«400 
81O 
800 


490 
460 
440 


690 
500 
580 


710 
070 
080 


880 

780 
740 


900 
910 
800 


1100 
1040 
990 


1200 

1190 
1180 


20 
21 


150 
140 
140 


200 
190 
190 


270 
200 
MO 


840 
820 
810 


420 
890 
880 


510 
480 
400 


000 
WO 
540 


710 
070 
040 


820 
780 
740 


940 

890 
860 


1070 
1020 
970 


28 


180 
180 
120 


180 
170 
100 


280 
280 
810 


200 
280 
270 


800 
850 
880 


440 
415 
410 


620 
500 

480 


610 
590 
560 


710 
680 
660 


810 
780 
760 


920 
899 
800 


80 
27 
28 
29 


110 

no 
no 
no 


100 
150 
140 
140 


210 
200 
190 
180 


260 
250 
240 
280 


820 
810 
800 
290 


2S 
870 

8G0 

850 


400 
440 
430 
410 


540 
520 
600 

490 


680 
610 
580 
560 


720 
690 
670 
640 


820 
790 
700 

740 



To obtain the safe load for ariy thickness: Multiply values for one Inch by 
the thickness of beam. 

To obtain the required thickness for any load: Divide by safe load for 1 in. 
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Vor one in trestle work the Ioa4 of car l« treated at a live load, tha baariaK 
eenien of load being the distance between wbeel oenten; ntiag boama nnder 
this condition the beam will onlj take one-half on high ipeed roada, and two- 
thiida on moderate speed roads, of the loads glTen. 

CAB HOUSB TBAOK. ^ 

This is boilt generally on a slight grade toward the main track in older to 
fadlitatethemoTementof thecarsincaseof Are. SeTeral methods aransad to 




Fio.188. 




7IO.140. 
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Avoid breaking the main line rail when itisufied for regular tra£lc especially 
where the switches have to face the direction of traffic. One is, where space is 
available, to ran a track parallel to the main line track and to have all the car 
honse tracks' switches on this auxiliary track. 

Another method, a compromise from the parallel track, is to ran a gauntlet 
iiftck. Fig. 139, 6 ins. or 8 ins. from tho main line track, and have the crossings 
all jump over frogs so that the main line track is unbroken to traffic. This re- 
quires two switches. 

What is known as the ladder method (which is used extensively where the 
car honse sets back from the track) shown in Fig. 140, is to run a spur from 
the main line track at an angle to' the car house, and from this spur take the 




Fig. 141. 

entrance tracks to the car house. Fig. 141 gives a compromise on the laddei 
method, and requires only half the switches on the main track over the direct 
curves, but does not give so much room for the cars when in front of the car 
house. 



COST OF TRACK AND PATBMENT. ' 

The following estimates were made by John A. Beeler of the Denver City 
Tramway Company in 1893. 

Beotion A. (Fig. 142)— This shows a 70-lb. T-rail (Shanghai) doing away 
with chairs, havijig a tie rod every four feet, which would make a very durable 
and serviceable track construction. This road is ordinary stohe block pavement 
with one inch sand cushion and six inches of concrete for a base, as per city 
specUlcations, with a eravel foundation for track. 
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Fie. 142.— BionoH A. 



Bl4»ck Stone P»Tinc on Concrete and GiaTOk Tie* %X*» C. to C. 

Oofltper 

Mile 

Single Track. 

110 tons rails (inclnding freight, inspection 

and hauling) at $87.60 per ton $ 4,125.00 

18,000 lbs. aiKle bars (860 per 60 lbs. each) 

at|2.0fferl001bB 861.80 

1,700 lbs. track bolts (?( z 8^ ins.) at $8.01 

per 100 lbs M.IT 

6,060 lbs. railroad spikes (5 x A ins.) at 

$2.46 per 100 lbs 148.88 

l^Mnat locks at $6.50 per M 8.12 

8,017 hewn red spmce ties at 65 cts. each. . 1,669.86 
860 bonds (placed complete) at 25 cts. each. 90.00 

1,320 tie rods at 20 cts. each 264.00 

2,847 ca. yds. excaration (trench 8 ft. wide 

18 ins, deep, all hauled off) at 80 cts. 

per CO. yd 704.10 

Track laying, inclading blocking, etc 1,000.00 



Qnantltiet 

per 

Lineal ft. 


Cort 

per 
Lineal ft 


46.667 lbs. 


$0.7818 


8.409 " 


0.0686 


.828 " 


O.OO07 


1.146 •• 


O.0B88 




0.0015 




asi48 




0.0171 




0.0486 




0.1884 





0.1898 



$ 8,412.87 






Stone PaTiniT 7.5 Feet Wide (Incladin|f 1 In. Sand Under Bloeks.) 



Cost per 
Mile 
Single Track. 
4,400 sq. yds. (stone $1.50, laying 75 cts., 

sand, tar, etc. 60 cts.) at $2.75 per yd. . .$12,100.00 
14,085 en. ft. concrete (10 per cent cement 6 
ins. deep between ties) at 15 cts. per 

CO. ft 2,112.75 

800 en. yds. gravel under ties at 50 cts. per 

cn.yd..: 40Q.0O 

82,000 ft. B. M. lumber (2 ins. x 14 ins. pine, 
retaining concrete, etc.) at $14. per M. 

ft 808.00 

Carpenter work, nails, hauling, etc 60.00 

Total coflt per mile of paving $14,980.75 

Cost of paving per sq. yd. $3.40. 

Total cost per mile single track $28,303.12 



Quantities Cost 

per per 

Lineal ft. Lineal ft. 



0.888 yd. 



$2.2017 



2.609 C. ft. 


O.4001 


0.161 C. yd. 


0.07B8 


4.107 ft. 


O.0868 
0.0118 


*..«•••« 


$8.8872 




$4.4800 



x6o 
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Section B. (Fig. 143h-Same track construction as Section A, and same pay- 
faig, bat a good foundation for track is proTided bj a continnons bed of concrete 
six inches deep under ties. This would make the most serviceable and durable 
construction for streets where stone blocks are to be used and, he thinks, would 
give best satisfaction. The additional cost of a foundation is very little when 
compared to the total cost. 



per 
Lineal ft. 


per 
Lineal ft. 


46.6(J7 lbs. 


$0.7818 


8.400 '• 


0.0686 



Block Stone PAvini: on Concrete Foundation. Ties 21 ins. C to O. 

Cost per Quantities Cost 

Mile 
Single Track, 

110 tons rails (including freight, inspection 

and hauling) at $87.60 per ton $ 4,125.00 

18,000 lbs. angle bars (^60 per 60 lbs. each) 

at $2.01 per 100 lbs 861J0 

1,700 lbs. track bolts (^ins.z8^ins.> In- 
cluding freight and hauling at $3.01 
perlOOlbe 61.17 J»8 " 0.0007 

6,060 lbs. railroad spikes (5 in<i.z A ins.) 
including freight and hauling at $2.46 
perlOOlbs 148.88 1.146 " 0.0282 

1)4 M nut locks at $6.50 per H 8.12 0.0016 

8,017 hewn ties (6 ins. x8ins.x7 ft.) red 

8>ruce, including hauling and insi)ec- 
on,«t66cts.each 1,660.86 04)148 

800 bonds (placed complete) at 25 cts. each 90.00 0.0171 

1,820 tie rods at 20 cts. each 264.00 a0498 

2,867 cu. Yds. excavation (tri^nch 8 ft. x 18 
ins. asep all hauled away) at 80 cts per 

cu.yd 704.10 0.1834 

Track laying including blocking, etc 1,000.00 0.1898 

$8,412.87 $1.6082 



0toiko F»Tingf 7.5 ft. Wide (Inolndinir 1 In. Sand Under Stone Blocks. 

Cost 
per 



Quantities 

per 
Lineal ft. 



Cost per 
Mile 
Single track. 
4,400 sq. yds. (stone $1.60, laying 75 cts., 

sand, tar, etc. 60 Cts.) at $2.75 per yd... $12,100.00 
11,784 cu. ft. concrete (10 per cent cement 5 

ins. deep between ties) at 15 cts. per cu. 

ft 1,760.10 

21,120 cu. ft. concrete (10 per cent cement 8 

ft. wide 6 ins deep under ties) at 15 cts. 

per cu.ft 8,168.00 

22,000 ft. B. M. lumber (2 ins. z 12 ins. pine 

for retaining concrete and pavement, 

at$14perM. 8d8.00 

Carpenter work, nails, etc 60.00 

CortofpaTingperBq.yd.at $8.96. .$17,896.10 

Total cost per mile single track $85,808.47 

Section C. (Fig. 144)— This track construction is good, heavy, 60-lb. steel 
with Joint boxes. This rail is especially adopted for the Blake asphalt. In this 
section, track rests on a concrete foundation, with concrete to the top of the ties, 






4.000 



4.167 



Lineal ft. 
$2.2917 

0.8884 

0.6000 

^ 0.0588 
0.0118 



$8J»47 
$4.8879 
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with the Blake ABphalt paving. This Bection is not pei-fcct, however. He states 
that the earth and dust are i)onnded in the crevice between the rail and asphalt by 
the wheel flanges, and works its way between the asphalt and concrete at the line 
at the top of the tics, bulging the paving, letting in the moisture and eventually 
destroying the asphalt. 



Blake Asphalt Pavement. Ties SI ins. C to C. 

Cost per. Quantities 
Mile per 

Single Track. Lineal ft. 



94A tons steel rails (including freight, in- 
spection and hauling) at |d7.50 perton..S 3,536.25 

10,800 lbs. angle bars (360 per 80 lbs. each, 
including hauling, etc.) at f2.01 per 100 
lbs 217.08 

1,150 lbs. track bolts (9| ins. x8H ins., in- 
cluding freight and hauling) at $3.01 
per 100 lbs 

6,060 R. R. spfkes (5 ins. z Ains. including 
f raght and hauling) at ^M per 100 lbs. 

l^M nut locks at $6.50 per M 

8,017 hewn red spruce ties (including haul- 
ing and inspection) at 55 cts. each 

860 bonds (placed complete) at 23 cts. each. 

860 cast iron joint boxes at 50 cts. each. . . . 

2080 cu. yds. excavation (trench 8 ft wide 
16 ins. deep, all hauled away) at 80 cts. 
each 

Trick laying, including blocking, etc 1,000.00 

$7,496.25 



34.63 

148.83 
8.12 

1,659.85 

90.00 

180.00 



40.000 lbs. 



2.070 



.218 
1.146 



Cost 
per 
Lineal ft. 

$0.6697 
0.0411 

0.0066 

0.0282 
0.0015 

0.8148 
0.0171 
0.0841 

0.1181 
0.1808 

$1.4200 



Asphalt PavlniT 7.5 ins. Wide, 4 ins. Thlok. 



Cost per 

per 

Single Track. 

4400 sq. yds. at $2.60 $11,440.00 

14,065 cu. ft. concrete (10 per cent cement, 

6 ins. deep between ties; at 15 cts 2, 112.75 

21,120 cu. ft. concrete (10 per cent cement, 

6 ins. below ties 8 ft. w ide) at 15 cts ... . 8,168.00 
25,700 ft. B.M. lumber (2 ins. x 14 ins. pine) 

retaining asphalt, etc., at $14 859.80 

Carpenter work, nails, hauling, etc 75. 00 

Cost of paving per sq. yd. £8.90 $17,155.55 

Total cost track laying and paving. . . .$24,653.80 



Quantities 

per 
Lineal ft. 

0.838 



2.660 



4.000 



4.867 



Cost 

per 

Lineal ft. 

$2.17 
0.40 



0.60 



0.07 
0.01 



$3.25 
$4.67 



Section D. (Fig. 145)— Ttiis bection shows the same track construction with 
foundation, etc., but the asphalt is 5iu8. thick (1 in. deeper than In Section C). By 
this means the asphalt is bedded all around the rail, completely cncasin.';: it; hence 
the dirt cannot work In and dL>posit between the asphalt a:.:l concrete. This 
OQPStructlon, however, is expensive, as too much asphalt is used. 
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31ake Asphalt P»veiuent, 1 in. Below Top of Tie. Ties SI ins. C to C. 

Cost per Quantities Cost 

Mile - per per 

TRACK. Sinf^Ie Track Lineal ft Lineal ft. 
Same as Section C $7,496.26 $1,420 

PAVING. 

(7.5 ft. wide, 5 ius. thick.) 

4400 sq. yds. Blake asphalt at $3.00 12,700,00 0.888 sq. yd. 2.417 

11,784 cu. ft. concrete (10 per cent cement, 

5 ins. deep between ties) at 15 cttt 1,760.10 0.888 

21,120 en. ft. concrete (10 per cent, cement, 

ius. deep below tics) at 15 cts 8,1<J8.00 6.222 ca. ft. 0.600 

26,700 ft. B.M. lumber (2 ins. x 14 ins. pine) 

retaining asplialt and concrete at 914. . 859.80 4.867 ft. 0.070 

Carpenter work, hauling, etc 75.00 0.010 

Cost of paving per sq. yd., $4.12 $18,122.90 $8,480 

Total cost of track and paving 925,621.15 $4,800 

Section O. (Fig. 146)— We will take this section up next, as it bears npon 
the two immediately above. .Track construction same as above, but economizes 
npon the asphalt. 

Here we have a concrete foundation, 6 ins. deep, under ties, and carry up the 
concrete above the tics, except for a space averaging 10 ins. wide directly under 
the rails, thus cementing the whole structure together, and giving a wearing 
surface of asphalt paving 8 ins. deep. (Barber asphalt is only 2^ ius.) The raila 
and tics where exposed, should be coated with tar or liquid asplialt just previoiis 
to laying the pavement, thus making it air and water tight. 

This would be the ideal construction, and its cost will certainly be in its 
favor from the start. 

Blako Asphalt Pavement. Cement Conorete Foundation. Ties %X 
ins. C to C. 

Cost per Quantities Cost 

Mile per per 

TRACK. Single Track. Lineal ft. Lineal ft. 

Same as Section C $ 7,498.30 

PAVING. ' 

4400 sq. yds. Blake asphalt (7.5 ft. wide 8 

lns.thick)at $2.25 9,900.00 

86,178 en. ft. cement concrete (see below) 

atl5ct8 6,426.70 

25,700 ft. B.M. lumber (2 ins. x 14 ins.pine) 

at $14 859.80 

Carpenter work, nails, hauling, etc 75.00 

Cost per sq. yd., $3.58 $15,761.50 

Total cost track and paving $28,259.75 

■ CONCRETE. Cn. Ft. 

Below ties (5280 ft: X 7 ft. X 0.5 ft.) 

Between ties and 6 in-^. from ends (5,280 ft. x 

8 ft. X 0.5 ft.) 

Less cu. ft. in ties (3017 ft. x 2.38^ ft.) ........ 7,040 

Less cu. ft. in space below rail 817 

Above ties (5280 ft. x 6 ft. x 0.14 ft.) ...... 





1.875 




1.027 




0.068 
0.010 




$2,980 


Cu. Pt. 


$4,400 

Cu. Pt. 
18,480 


21,120 




7,857 


18,268 
4,486 



86,178 
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Section E.— This is a 60-lb. steel rail on chair constractibn with tho 
necessary tie rods. Chairs are a little heavier than used formerly and if there 
is any error in these n^^ures the principal one would be the price of the chairs, 
which would be very apt to cost more, 

A 6-in. foundation of concrete below ties is calculated, and the space between 
the ties filled in with concrete; above this the Barber asphalt and stone toothing. 
With this foundation this is the same practical construction as used on portions 
of Stout and Arapahoe Streets, increased to a 60 lb. rail construction to compare 
with other proposed sections. 

This is very expensiye, and the chairs are an unmitigated nuisancer Tbej 
should be avoided hereafter. 



Barber Aspbalt Pnvinir* Stone Toothlnir* T 
Ties 21 ins. O to C. 



Ball 4>n Chairs. Hewn 



TRACK. Quantities Price 

00-Ib. T rail (including freight in> 

spection and hauling 110 tons $37.50 

Angle bars (860 per 50 lbs.) including 

f reight,in«ipection and hauling. 18,000 lbs. 2.01 

Tiack bolts (7^ in. x 8^ ins.) includ- 
ing freight, inspection and 
hauling 1,700 " 8.01 

B. R. spikes (4 Ins. x /. Ins.) 750 to 

the keg, 200 lbs. each, 87^ kegs 6,460 '' 8.56 

Nut locks IMM 6.50 

Hewn ties (6 ins. x 8 ins. x 7 ft.) In- 
cluding iuBpection and hauling. 8,017 .56 

Bonds in place 800 .25 

Tie rods 1,320 .20 

Wrought iron chairs (4 ins. high) . . 6,081 .60 

Excavations (5280 ft. x 8 ft. wide x 

aO^ins.deep 2,672cu.yds. .80 

Track laying (Including blocking) ........ 



PAVIHG. 

Concrete (7 ft. wide, 6 Ins. deep) 

under ties, 10 per cent cement.. 18,480 en. ft. 

Concrete (8 ft. wide 6 in«. deep) be- 
tween ties, 10 per ceut cement. 14,065 ** 

Barber asphalt paving, stone tooth- 
ing (6H ius* deep) 4,400 sq. yds. 

Cost of paving per sq. yd., 84.26 

Total cost of track and paving 



.15 

.15 

8.15 



Cost per Cost 

Mile per 

Single Track Lineal ft. 

I 8,586.26 ., 

217.08 

84.62 

166.12 

8.12 

1,650.85 

90.00 

264.00 

8,620.40 

801.60 

1,250.00 

$11,646.54 

8.T72.00 

2,112.75 

18,860.00 ........ 

$18,744.75 

$80,891.20 $5.75 



Section F.— This section has the same style of chair and track constmc- 
tlon as in Section B with a stone block pavement instead of Barber asphalt; and 
includes the foundation nnder ties. The first figures are an estimate o>f cost 
based on flgnres for concrete and paving, and the second are based on the price 
t>aid for the paving on Wazee Street by the Board of Works. 
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Block Stone Pavinir, Conoreto FoundAtlon. T Ball oa Chairs. 



Quantities. Price. 



TBACK. 

Same aa Sec. B, losa excavation * 

Xxcavation (trench 6,280 f t x 8 ft. 

wldexlO ins. deep) 2,477 en. yds. 



Cost per Coat 
mii _ Lin. ft. 



.80 



Single Track. 
> $10,844.04 

748.10 



4,400 sq. yds. 
14,066 en. yds. 



PATIKO. 

Stone block paving, 7.5 ft. wide, in- 
dnding 1 in. aand under bloclu.. 

Concrete 8 ft. wide, 6 ins. deep be- 
tween ties, 10 per cent cement. . . 

Concrete 7 ft. wide, 8 ins. deep tinder 

ties, 10 per cent cement 18,480 ca. ft. 

Lumber for retaining concrete and 2S.00Oft.B.M. 
paving 

Carpenter work, nails, etc 

Coetpersq. yd $8.04 



Total cost per mile, track and paving 



$11,688.04 



2.75 12,10a00 
.15 2,112.75 



.16 
14.00 



2,772.00 
808.00 

00.00 
"$17,858.75 



$28,940.79 $5.48 

Section Fa«— Block Stone Pavinir, Concrete Foundation* 

Qnantities. Price. Coat per Coat 
Mile Lin. ft, 

TBACK. Single Track. 

•11,688.04 



Same as Section F 

PAVTKO. 

Stone block paving 7.5 ft. wide (1n- 

clndinj? fin. sand and 6 ins. con* 

Crete under blocks 4,400 sq. yds. $8.60 

Concrete nndcr ties (7 ft. wide, 6 ins. 

deep) 10 per cent cement 18,480 en. ft .15 

Cost per sq. yard $4.18 

Total coat per mile track, and paving 



16,400.00 

2,Tr2.00 

$18,172.00 

$20,760.04 



$5.88 



Summary. 

Fonnda- Sec. 
tiou. 

Block stone paving, 701b. Shanghai Concrete 

rail ^Gravel A 

Block store paving, 70-lb. Shanghai 

rail Concrete B 

Blake asphalt paving, OO-lb. T rail.. »• C 

Blake asphalt paving, 60-lb. Trail.. '* D 

Blake asphalt paving, 60-lb. T rail.. " O 

Barber asphalt paving, 60-lb. T rail 

on chairs ** E 

Block stone paving, 60-lb. T rail on 

chairs " F 

Block stone paving, 60-lb. T. rail on 

chairs (coulract price) 



Cost per 
Mile _ 
Single Track. 

12 



Coat 
Lin. ft 



25,806.47 
24,653.80 
25.621.15 
28,250.75 

80,801.29 



84.48 

4.89 
4.67 
4.85 
4.40 

6.75 



28,940.79 5.48 



Coat 

per 
Sq. yd^ 

88.40 

8.95 
8.90 
4.12 
8.58 

4.26 

8.95 



Fa 29,760.04 6.68 4.18 
For crofls country roads the pavement should be loft out of the estimate* The 
price of mfttf Flftl ^^ depend tipo^ fr?l^l»tn§« w4 local ^qstf , |f th« tt«i «x«9 
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spaced at a greater distance than 21 ins. between centers, the nomber of ties per 
mile for the dlilerent spacing is given in Table, Page 110. 

The cost of laying a road parallel to country roads varies from 85 cents to 45 
cents per running foot. Excavation costs from S8 cents to 45 cents per cable 
yard depending upon local conditions. The price of bonds varies from 35 cents 




S£cr/o/fCf ntmojUL 

Cmi TMCK 
Pig. 147. 




SECTtOM CfSfMMmy 
CAei£ TftACH. 

Fia. 148. 



to 65 cents per joint depending npon the current density in the rail. Bonds can 
be inserted and applied at an additional price of 14 cents to 80 cents per joint. 

The effect of laying asphalt paving ap^ainst the rail is shown in Fig. 147. 
Pig. 148 shows the methods used in 'New York in connection with cable tracks. 




J/tASMALK 

Pig. 149.' 



itETMOO OF lArJJt& 
MtLS M ASPHALT,, 

Fig. 160. 



Pig. 149 shows method of paving with asphalt against the rails. Fig. ISOsbowB 
method of paving with asphalt with granite toothing block against the rails. 

Paving Cost.— The following figures are from Washington, 1892: Trinidad 
asphalt with 7-in. concrete base, $2.25 persq. yd.; Trinidad asphalt with 4 ins. 
concrete base, t2.00 per sq. yd.; Asphalt block, $2.00; asphalt surface, $17.00 
oubic yard 

Bituminous base, $3.00 per cu. yd. in place. Hydraulic cement and concrete, 
$5.00 per cu. yard in place. Asphalt surface, $1.02 per sq.yd. Annual average 
for repairs 8 cents per sq. yd. ; resurfacing, $1.50 per sq. yd. 



SECTION IV.-POWER STATION. 



Power StAtlon Iiocation.— The factors affecting the proper location for 
the power station are the cost of land, the cost of copper for distribution, the 
cost of coal and the yalne of condensing water. The price that can be given for a 
piece of property in a central location is determined by the way in which this 
location affects the other investments and station economies. 

Take, for example, a 15 mile stretch of road with cars uniformly placed 
requiring 20 amps, per mile average and 40 amps, per mile maximum, and assume 
20 per cent drop in voltage on 7^ miles of road. With the station centrally 
located the copper will cost about $20,000; if the station is 8 miles from the 
center of distribution the installation cost for copper will be increased $8700. 
Property In the central location would, therefore, be worth this much more to 
the railway company as better distribution could be obtained from a station on 
that site. 

Where the coal can be delivered directly from the cars to the ooal bins of the 
station the cost for handling is the lowest. Where there is any rehandling, the- 
price depends upon the distance traversed. To load and move 1 ton 1 mile or 
less costs about 25 cents per ton; 1^ miles, 80 cents; 2 miles, 82 cents. These 
figures are taken from average prices paid for hauling over a variety of roads. A 
station with the capacity mentioned above would require, on an average, about 11 
tons of coal per day : if hauled 1 mile this would cost per year with shrinkage in 
coal weight due to moving, alx>ut $1000, or 6 per cent on an investment of $16,666. 

The value of condensing in a street railway plant of the size cited above can 
be roughly estimated at 18 per cent saving in coal. At $2.80 per ton this would be 
$2023 per year or 6 per cent on an investment of $83,700. This station would take 
about 700,000 cu. ft. of water per annum for boiler use. If the water had to be 
bought, at say, $1 per 1000 cu. ft., a site would be worth $11,600 more Where free 
water could be obtained. 

Too often stations have been located on property owned by the lailway which 
it would have been a great deal more economical to have given away, and located 
the station with reference to the least operating coat. The saving thus effected 
would, in many cases, pay interest on the investment on both properties. The 
location of the power station near the car house reduces in many ways the labor 
item, and the insurance hazard will not be increased if care be taken in the 
design. Another point to be considered is the liability for damages due to smoke 
nuisance, pollution of Bticams and external fire haEards. 

FOUNDATIONS. 

In locating the power station building the character of the soil and subsoil 
gmd its effect upon the cost of proper foundations for building and machinery 
should also be careftally determined. Every endeavor should be made to dis- 
cover the character of son on which the station foundations will' rest. Whcro 
Ui«i<» •!« ftdjMent buUdtniss th^ee can be inspected and data a« to the cbaiacter, ' 
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depth and weight per square foot of surface, obtained from the builders. Four 
borings should be made on the dilTerent sides of the site by using a post auger. 
If four borings show at the same depth the same character of soil, it can be as- 
sumed that there is no great dip to the strata. For those foundations which 
cany lar^e weights, such as those under the chimney, the ground should be. 
bored to a depth of 20 to 85 ft. This can be done by two men using a lever with 
a C-in. or 8-in. anger. In soft soils a pipe must first be driven; a 4-in. pipe Is a 
convenient size and a smaller auger can be used to bore the core out of the pipe. 
DiiTcrcnt soils have greatly different bearing power and their safe loads are 
changed when the soils are wet. The table following gives the bearing power of 
soils as given by Ira O. Baker. 

Bearlni; Power of Bolls In Tons per Square Foot* 

xiMixux. XAznnnc. 

BocIc,hard 25 80 

Rock,soft 6 10 

Clay on thick beds always dry 4 6 

Clay on thick beds moderately dry 2 4 

Clay,soft 1 2 

Gravel and coarse sand well cemented 8 10 

Sand compact and well cemented 4 6 

Sand, clean and dry 2 4 

Quick sand, alluvial soils, etc 0.5 1 

There are many peculiarities of soils which should be thoroughly understood 
before applying the above table, as there is no more important point of the 
station building than its foundations. 

The following remarks of a general character will serve as a guide to the 
street railway engineer in preliminary estimates. 

Rock^ when extending entirely under the building site, makes the best 
foundation bed. The softer rocks will sustain more weight than the walls resting 
on them can safely carry. Water is usually met with in substrata rock founda- 
tions, due to the seeping over them of the surface drainage; outside drains 
should be thrown around such a site. If the ledge of rock slopes to one side, a tile 
or stone drain may be built from the lowest to the highest point of the founda- 
tion footings and the water drained from the rock in this way. When nearly ■ 
level, a hole should be blasted at the lowest point of the foundations and meas- 
ures taken to dispose of the drainage water. The surface of the rock on which 
the foundations rest should be prepared, and all loose and decayed portions of 
rock in line of the foundation footings should be cut and dressed to a surface. 
If the rock surface is uneven, the surface should be cut in steps or plane sur- 
faces: in no case should a wall rest on a sloping surface. All Assures or depres- 
sions should be carefully cleaned out to the hard rock surface and filled with 
cement to the level of the adjacent step. If deep cavities or fissures appear too 
largo to fill, they may be bridged by arches of brick, stone or cement In rock it 
is important that the different footings around the foundation of the buildings 
be as nearly on a level as possible. Where the building is to rest partly on rock 
and partly on soil the footings on the soil should be made very wide so the 
pressure per square foot will not be enough to cause an unequal settling of the 
foundations. These conditions of unequal sustaining power of the foundation 
bed should be avoided if possible as it is risky at best. 

Clay. This designation covers soil conditions varying from slats and shale 
to.soft,.dampmatsriaI,whie)i will squeeze out In every direction when pressnre 
Is biong bt $o bMT vpoa It Cla^ soils which cim b9 kept dr^ and wm^X WfXf 
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the VBBAlkMidi without trouble, bat daj Mamie cItm aion troobte than mmI^ 
gmvelor stone. 

The top footing in this case most be carried below the froet line, which 
Tsries fromOftin Korthei.n States to S ft. below the ]Car.on A I}l::on line. 
Freezing affects clay more than other soils, so that the dialnsge €»f foundations 
on this character of soil must be taken care of, and when on a slope the founda- 
tions are considered hasardous. If the daj contains coarse gravel or stoiie It* 
retaining power is greatly increased. 

Gravtl giyes less trouble than any other material for foundation bed If the 
fonndatians are properly proportioned, and it Is not ailected by water proTidMt 
the gravel and sand cannot wash away from under the foundation footings, 

SantLt if confined from lateral movement, makes an excellent foundation* If 
no water can move it, it is practically incompressible. Piy, clean liver sand ac 
confined has been known to carry 100 tons to the square foot. All foundation 
footings in sand should be carried to the same level, and when the angina and 
boiler foundations are separate from the building structure, the building foot* 
ings should be carried below the bed of any internal foundation, thus making tha 
building wall the retaining wall for the internal foundation stress on the sand. 

Soilx Containing VegttabU Matter, No foundation should be laid OU SoUl 
containing vegetable matter or land that has been filled. The original virgin bed 
of the soil should be reached unless the filling is made of clean beach sand, that 
has been made compact by drenching vrlth water as it was filled ; and this should 
be treated and retained as required for foundations on sancL 

Mud or Silt can only be used by extending the foundation area on the sur- 
face by spreading the footings on wooden or steel beams, by sinking beams or 
pillars until hard soil 1b reached, or by driving piles distributed over the founda- 
tion bed so as to take the weight of the structure uniformly. 

Some Data on Soils.— The Capitol at Albany rests on blue clay containing 
60 per cent to 90 per cent alumina, the remainder being fine sand containing 40 
per cent water. The safe load was taken at 8 tons per square foot; a load of ft.0 
tons per square foot produced an upheaval of surrounding earth. 

The Congressional Library at Washington, B. C, Vests on yellow clay mixed 
with sand; 13^ tons were required to produce settlement and the footing was 
proportioned for 2^ tons per square foot. 

Hard indurated clay under the piers of the bridge across the Ohio River at 
Point Pleasant, West Virginia, carries 23^ tons per square foot 

The Cincinnati Bndge foundation bed is of coarse gravel 18 ft. below water 
and carries 4 tons per square foot. 

The Brooklyn Bridge foundations are 44 ft. below bed of river and rest on 
bed rock and a layer of sand, 2 ft. thick. This material resists a maximum pres- 
sure of 6^ tons per square foot. 

Hetbods of Testing Foundations.— One method suggested Is to con- 
struct a platform about 4 ft. square with 4 lc;*s each 6 ins. square, the platform 
being set on the bottom of the foundation trench and carefully leveled. A level 
should be set up so that the levels on each leg of the bench are taken, a level is 
also taken to a bench mark on a stake or some fixed point. A uniform load is 
then gradually placed over the platform until a settling is noticed. From one- 
fifth to one-half of the load that produced the settling of the platform can bt 
allowed on the foundations, the proper factor of safety being governed by cl^ 
cumstance. 

When the footings for foundations are soft or treacherous, piles are Ufgtlf 
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used in station construction. The following data is taken from Kidder's ** Build- 
ing Construction and Kupcrintcndcncc.'* 

Piles should always be driven with small ends down, with all bark and 
branches trimmed close. Tho pile driver should strike the pile squarely on its 
head. The nsual weight of hammers are from 1200 to 1500 lbs., the hammer fall- 
ing from 6 to 20 ft., the laot blows being given with quick strokes in succession 
and not over 5 ft. fall. Do not continue to drive piles when they sink only \% 
ins. under five blows of a 1200 lb. hammer falling 15 ft. 

Bearing Value of Piles. 

Character of Soil. Pile Length Average Penetra- Load in 

inPeet. Diameter. tion. Tons. 

Silt 40 10 6 2J4 

Mud 80 8 2 6 

Soft earth with boulder or logs... 80 8 1^ 7 
Moderately firm earth or clay with 

boulder or logs 80 8 10 

Soft earth or clay 80 10 1 9 

Quicksand 80 8 H ^^ 

Firmearth 80 8 U 12 

Firm earth into sand or gravel.... 20 8 ^ 14 

Firm earth to rock 20 8 20 

Sand 20 8 20 

Gravel.. 15 8 20 

When the penetration is less than that given above fbr soft soils the safe load 
may be increased. 

Foundation Counes.— The foundation may be either stone, brick or 
concrete as local prices and character of foundation dictates. A lower course of 




Fig. 151.— €oncbet« Foororo, 



FlO. 152.— OONCBXTX roUNDATION. 



concrete having a spreading base, like Fig. 151 gives a good bearing for any 
supcrotmcture, as the concrete, when well tamiied, conforms to the contour of 
the earth, and as largo stone should be used for thd footing courses, concrete 
makes the cheaper foundation. 

Concrete foundations as a whole are largely used in power station construc- 
tion, and where the supporting power of the soil varies, I-beams or rails are 
imbedded in the concrete to bridge the inequalities of bearing surface, Fig. 153. 

The piles should in no case be driven closer than 2 ft. on centers. The ifenal 
spacing is 2 ft. 6 ins. across the foundation trench, and 8 ft along the line of wail. 
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The capping of piles may be of cement see Fisr. 163, well tamped with concrete. 
The earth shonld be excavated 1 ft. below the top of piles and 1 ft. ontsldo of 
them, the space around and between them being filled with a rich Portland 
cement deposited in layers. Piles should always be surfaced below the water 
mark, where water stands on the foundation, to prevent decay, and in no case 
should piles be used in dry soil. 

Materials for Foundations.— The materials used in foundation construe- 
tion are lime, cement, sand, broken stone, brick and building stones; these mater- 
ials are spccifled as to quality and the proportions which will be used in making 
mortar, cements and concretes. 

Lime.— Common lime, sometimes called quick lime or caustic lime, is pro- 
duced from limestones by heating to redness or calcination. These vary in compo- 
sition in different parts of the country. Good lime should show the following char- 
acteristics: Entire freedom from cinders and clinkers, and the other Impuritlet 
should not exceed 10 per cent; it should be in hard lumps with little dust; It 

_^ST0NC_CAPPINQ 







PILES COMCRETE 

Fig. 153.— pile poundatioh. 

tihould slack freely in water forming a fairly smooth paste with very little or no 
residue; it should dissolve in rain water. Hydraulic lime should harden nnder 
water after it has been made in a cake and has commenced to stllTcn in air. 

Natural Cements.— "S^XvitvX cements are made from natural rock composed of 
carbonate of lime, carbonate of magnesia and clay. Care is required in soloctlng 
the stone, calcining to the proper degree and inspecting after calcination ; It is 
then finely ground between mill stones. The natural cements are very quick in 
setting, but have less ultimate strength than the artificial, or Portland; thoy 
attain their full strength sooner, and are sulllciently strong for ordinary build- 
ing ox)crations; they cost less than Portland and are used almost cxcluolvoly for 
cement mortar. They weigh less than Portland, being about two-thirds as heavy. 
The locations where natural cements are made on a large scale are Roscndalo, 
N. Y., Louisville, Ky., Utica, N. Y., La Salle, 111., Milwaukee, Wis., Maukato, 
Minn., Cement, Ga. and Fort Scott, Kan. 

In Hoscndale cement a light color usually indicates an Inferior, underbnmt 
rock. Eosendale varies in weight from 49 to 60 lbs. per cubic foot or CO to 70 lbs. 
per bushel. 

Artificial Cements.— ^\sR 9Lt\S&.z\9\ cements are usually known as Portland, 
and require a homogenous mixture in the proper proportions of carbonate of 
lime, alumina, silica and iron; this mixture is subjected to beat sufficient to pro- 
duce a vitrified, dense and hard clinker and is afterward ground to powder. The 
American Portland cements have been used in the largest engineering works in 
this country. Good Portland cement is slmv setting in comparison with th* 
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natural cements, and In setting forms a crystalline structure similar to the 
natural zeolites. Portland costs approximately three times as mach as Rosendalc, 
but its strength makes its nse in stone or brick foundation footings necessary, 
as it carries loads of oyer 1^ tons per foot, and should be preferred for these nses 
oyer any of the natural cements. 

J/<^r/<srx.— Mortars arc made of lime slacked in a water-tight box; water Is 
then added. Different limes take different volumes of water. The water Is 
rapidly absorbed, and with a rise in temperature the ultimate volume of slacked 
lime is about 8^ times the original lime; sand is then mixed with this, the pro- 
portions being about one part of lime to five of sand. Rich mortar contains a 
larger proportion of lime than above. Hortar of good quality si ides readily from 
the trowel; if it sticks there is too much sand in its composition. The nsual 
practice is to mix the sand with the lime as soon as it is slacked, and let it stand 
nntil ready for nse. Better resnlu are obtained if the sand is not mixed with 
the slacked lime nntil the mortar is needed. 

.Saw^.— Sharp sand should show angular formation of granules of varioas 
slses. If there is any doubt as to the cleanness, the sand can be tested by putting 
some in a tumbler of water. If there are any impurities present they will rise to 
the top. On squeezing moist sand in the hand the sand should fall loosely down; 
if it retains the impression of the hand it should be rejected, as it contains loam 
which greatly weakens the binding power of the mortar. 

Cement Mortar,— This should be used for all work which is exposed to damp* 
ness or to the weather. The sand and cement are thoroughly mixed dry, and 
water added and mixed nntil the proper consistency is reached. This mortar 
works better when stiff. For natural cements it should not exceed 8 parts of 
sand to 1 of cement; for structures bearing heavy weights 2 to 1 should be used; 
Portland cement can be nsed in the proportion of 4 or 8 to 1, for first class 
mortars. For foundations under water a greater ratio than 2 to 1 should not be 
nsed. When a cheaper cement will answer, slacked lime is added instead of 



Kidder gives the following estimates : 

Ume Mortar: 1 barrel of lime weighs 270 lbs., a bushel of lime weighs 75 Ibe., 
1 barrel of lime equals 8 bushels; 1 cu. yd. of sand will make 1 yd. of 1 to 8 lime 
mortar and will lay about 80 cu. ft of rough brick work or common rubble. 

Cement Mortar: 1.8 barrels, 540 lbs. of natural cement, and .94 cu. yds. of 
sand will make 1 cu. yd. of 1 to 8 mortar; 2 lbs. of Portland cement and .04 cu. 
3'd8. will make 1 cu. yd. of 1 to 8 mortar; 1 cu. yd of mortar will lay from 67 to 80 
r n . ft. of brick work or rough rubble, and from 90 to 106 cu. ft. of brick work with 
>^-iu. to ^-in. joints. A cubic foot of brick work contains about 18 bricks. 

The following safe crushing strength of mortars per sq. ft is usually divided 
by 8 for safe loads. 

Portland cement mortar, 1 to 8 8 months, 40 tons 1 year, 65 tons 

Roeendale " •• ♦* ♦• " *• 13 ♦* " " 26 " 

Llmo mortar " *• " " 8.6 " " " 15 ** 

Lime mortar should not be used under piers that are to receive their full load 
within six months. 

Grout is a very thin mixture of cement mortar used to fill interstices in stone 
work, and usually poured on the courses of masonry, or run between stones to be 
bonded. 

CoMcrotg.—TblB consists of cement mortar to which is added crushed stone. 
Granite and other hard stones make the best aggregates. It is essential that the 
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crushed etone shoald be free from dirt. The Bbees vary from those Uwt will peat 
through a 1-ln. ring np to the size of a hens egg. Clean grayel is also vsed 
largely in some sections. The nsnal way that the proportioning of parts is Ac- 
complished is by the wheelbarrow load where the mixing is done by hand, one 
barrel of cement being taken in two barrow loads. The materials are dumped on 
a water-tight platform ; the sand is first spread and then the cement Is laid oyer 
it; these two materials are thoroughly mixed and on this mixture is dumped the 
broken stone, which is mixed in dry; then water is added, still continning the 
mixing, until all portions are thoroughly coated. 

Many machines have been devised for mixing cement to save labor. The 
Pittsburgh power station was built largely of concrete using an automatic mixer. 
The proportion of the parts vary with the size of the broken stone used, and the 
crushing strain on the concrete structure. There should always be enough 
cement to fill all voids in the stone. 

Concrete for foundations, bearing only a moderate weight, can bo made of 1 
part natural cement, 8 parts sand, and 4 parts gravel or broken stone. Portland 
concrete to take heavy weights should have 2 parts cement, 6 parts sand and 9 
parts broken stone. Where a larger proportion of stone Is used, the cement 
should be carefully tested as the building progresses, and close Inspection is 
necessary to see that the proportions are carefully maintained. 

The concrete is delivered to the foundation trenches, which may be cut out in 
clay, and the concrete rammed into position; when sand or yielding earth com- 
pose the trenches, wooden cribs have to be constructed against which the con- 
crete is rammed to give the size and shape of the foundation required. The 
layers should not be more than 6 ins. thick, and the concrete should not be 
dropped from a greater height than 4 ft; each layer Is to be rammed with a 
wooden. 20-lb. rammer until the top surface shows a finsh of water and all inter- 
stices are completely filled. 

General J^e/uar/cs.—The strains that Portland cement can take are from 1 to 
5 tons per square foot; natural cement concrete, 1 to 6 tons per square foot. 

Where the proportions are 1 part cement, 8 parts sand, 6 broken stone, size 
not exceeding 2 x 1^ X 8 Ins., one barrel of cement will make 22 to 94 en. ft. of 
concrete. 

Concrete : 1 part of cement, 2^ of sand, 8 of gravel and 5 of broken stone, 
yields 1.18 yds. of concrete per barrel of cement. With labor at $2.00 per day, 
mixing and depositing should not exceed 11.00 per cubic yard. The cost of Port- 
land concrete will vary from $6.00 to $8.00 per cubic yard. 

STATION WAI.LS. 

These may be of brick, stone or concrete, Iron and brick, terra cotta with iron 
beams, iron beams with concrete walls, wooden post and siding of novelty or 
shingle. The choice of material depends upon the cost and character of structure 
required. The walls of a station over the engine room and boiler room do not 
have to cany more than the roof weights unless the crnne, steam piping or 
ofiice floors are above. The prevalent form of brick station structure Is to 
build brick-piers or buttresses, the distances between centers being the same as 
between the centers of the roof trusses. Between the piers are thin curtain walls 
of brick, largely taken np by windows. These piers are bonded at the top by 
gilders. The thickness of continuous brick walls are often fixed by ordinance; 
nearly all bailding regolatioafl requiring approximately the following thickness: 
lorMKUiigt canriag ]i«avy floor weights, two stories, brisk Id ina.a stone 20 



174 ELECTRIC RAILWA Y HAND BOOK. 



ins.; three stories, brick 80 ins., stone Si4 ins.; fonr stories, brick 24 ins., stone 
38 ins. 

Station walls of cnt stone may be constmcted either with a plain face or bat- 
tresses, the space between buttresses as a rulo being arched for window open- 
ings, and the surface stone work and facings being left to the taste of the 
architect Brick, either red or terra cotta or glazed, or concrete can form the 
external walls. The structure is sometimes supported by the buttresses of 
masonry, and in some forms of construction contains within the brick walls, 
columns or pillars, which carry the roof load. This latter construction is nsed 
where space has to be economized, and where the roof weights to be carried 
woald require larger foundation areas than could be well distributed by a masonry 
buttress. 

The building may be an iron or steel skeleton with thin double walls of brick, 
terra cotta or even concrete. In some cases a single brick wall faced on the inside 
with the numerous forms of compositions for ceiling and interior work is used. 

For temporary work corrugated galvanized iron or tin, or galvanized iron 
stamped with brick tiling, having an inside sheathing of wood or asbestos mill- 
board has been found satisfactory. For further protection the space between the 
inner and outer walls, when wooden, can be filled with dry clean cinders or 
mineral wool. 

In wooden stmctnres the walls can be of novelty siding or dipped shingles 
laid over 1-in. spruce boarding. The inside wall can be of adamantine plasterinfc 
laid on metallic or wooden lathes, the spaces between being filled with mineral 
wool or cinders to make a slow burning structure. Another form is to have all 
timber dressed; on the outside are nailed 2 in. hemlock planks dressed on the 
inside; over this the building paper and novelty siding or shingles are nailed. 
Eight feet can be carried between the posts. This character of construction 
reduces the insurance rates on wooden buildings, and makes what is known as 
the " slow burning " construction. 

The weights that the buttresses, pillars or struts have to bear in a power 
station engine room are usually the roof weights, and the moving crane and load. 
The distance between the spans varies from 6 ft. to 20 ft. depending upon the 
character of the roof trussing employed. In the smaller stations it is much more 
economical to use horses or cranes tracked on the floor than to stiengthen the 
roof truss for rigging machinery. . 

For strengths of building materials see tables on pages 11 to 15. 

ROOFS. 

Weights and strains thrown on the roof are due to wind pressure and snow. 
The wind pressure allowable depends upon exposure of building; 82 lbs. per sqnare 
foot should not exceed the ultimate strength of the structure. 

Pressure of Winds on Roof. (Unwin). 
a = Angle of surface of roof with direction of wind, 
F^ Force of wind in pounds per square foot. 
A = Pressure normal to surface of roof. 
B = Pressure perpendicular to direction of wind. 
C ss Pressure parallel to direction of wind. 

Angle of roof « tf 6° 10» 20<» SO" 40^ SO* 60<' 

A^Fy. .125 .24 .46 .66 .83 .95 1.00 

B-Fyi .122 .24 .42 .57 .64 .61 .50 

Cs^X tOl .04 .15 .33 ,53 .73 .85 
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Aniritt* of Boof ■ as Commanly Used. 

Proportion Angle Length of 

of Rise to Rafter 

Span Be;;. Min. to Rise. 

H 45 .... 1.414S 

J|_ .W 41 1.8088 

tf^S 80 .... 2.0000 

34 S8 84 2.8861 

i^ 21 48 2.0026 

l-« 18 28 8.16.8 

Telooity and Preaeore of Winds. (Hant.) 

Velocity In Miles Presanre in Lbe. 
Designation. per Hour. per Sq. Ft. 

Scarcely perceptible 1 .005 

Perceptive « 2 .090 

Slightbreeze 4 .080 

Moderate breeze 8 .&dO 

Freshbreeze 36 1.125 

Briekwind 25 8.125 

Strongwind 80 4.50 

High wind 40 8.00 

Storm 60 12.60 

Violentstorm 00 18.00 

Hurricane 80 83.00 

Violent hurricane 100 60.00 

Gnst observed at Liverpool Observatory in 1868.... 126 80.00 

The weights of the different kinds of roofing are as follows: 

Lbs. per Sq. Ft. 

Cast iron plates 15 

Copper 8 to 1.25 

Felt and asphalt 1 

Felt and gravel 8 to 10 

Iron, corrugated 1 to 8.75 

Corrngatedtiheets. nn boarded 8 

Iron galvanized, flat 1 to 8.50 

Sheathing, pine 1 in. th ick, yellow 8to4 

Shinerlcs on lathes 10 

Spruce, 1 in. thick 2 

Spruce, if plastered below rafters 12 

Sheathing, 1 in. chestnut or maple 4 

Slate on lathes 18 

Slate on boards 1)^ in. thick 16 

Sheet iron ^ in. thick 8 

Sheet iron and lathes 5 

Skvligbts. glass^in.toHin 2.50 to? 

Sheetiead 5 to 8 

Tin 7 to 1.25 

Tiles,flat ;. IStoaO 

Tiles, grooved and fillets 7 to 10 

Tiles, pan ; 10 

Zinc lto2 

For spans over 75 ft. add 4 lbs. per square foot to the above loads. 

Snow weighs 5 lbs. to 12 lbs. per cubic foot depending upon the humidity of 
the atmosphere; 1 cu. ft. of snow compacted by rain weighs 15 lbs. to 50 lbs. It 
is customary to add SO lbs. per square foot to the above for snow and wind when 
separate calculations are not made. 

The weight of any load upon a roof is taken as unitormly distributed over the 
surface of the roof. The total weight on each pair of rafters, couple or truss, is 
equal to the sum of the weights of the truss ftself, aQ4 as much of the roof as ft 
parried between two trussesj 
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Safe Iioads, in Tons of 2,000 I«bg« for Hollow Cylindrical 
Cast Iron Columns. 
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Columns for the support of roof tniMe« are generUly of the box-giider type 
of itoeL Caflt4nm colomiM, where eccentric loadings occnn, are not largely need, 
on account of the internal stiaina in castings and the rariable thickness in walW. 
Gast-traa eolnnins will carry the weights given in the table on page 15S»whe:v 
vsed to snpport a nnifomly distiibaied load, e. g. pillais for sapportiitg floors ot 
internal stm c tures in the station. 

The top and bottom of crery iron colnmn should be trimmed oif to a smooth 
nofaoe, the length of the oolomn is the distance between these Borfacea. 

Boof Trasses.— Tables for finding stresses In members for roof trasses of 
the different types and pitches ss given below and of any span. 

Bole.— To And the stress in sny member multiply the eoettcient given for 
tliftt member by total dead load carried by tniss(a span in foet x distance be- 




Fios. 154 TO 198.— Boor tbuss diaobaxs. 

I in feet X weight per square foot). If the trass is acted npon by 
wind focces, or other unsymmetrical loading, the stresses In the members must 
be calculated accordingly and combined with the dead load stresses as found 
below, 

Fitdi (Depth to Sp«n.) 
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KoTV.— Heavy lines denote compression and ligbt lines tension msmbsff, 
Zxtads are considered as concentrated at the joints* 
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Pipra. 157 show the lattice type of roof truBS as dcsi^rned by the Berlin Iron 
Brid<!:e Co., and Y\%, 158 shows the standard roof trnss desired by the same 
company. 

It is not within the province of this book to go into the mechanical details 
of snch stmctnres, for the considerations npon which the calculations for these 




PlO. 157.— LATTICE TTFB OF ROOF TKUSS. 

Btmctnres are based would occupy too much space, and have been fully developed 
in such books as Kidder's "Building Construction and Superintendence" for 
wooden roofs, Kent's "Mechanical Engineer's Pocket-Book" and a number of 
other technical works bearing on the different parts of the structural designs 
and such data has been selected as will give the railway engineer enough inform- 
ation to lay out what is required. 

One requirement of a power station roof is that it shall be non condensing. 
Metal roofs have to be lined with some non-conductor of heat; an enclosed air 
space should bo left between the outside roofing and the lining so the warm 
air inside will not condense and drip on the machinery. With corrugated iron 
roofs and steel trusses, asbestos roofing board, supported by wire netting, has 
been used with success, especially where the space between the roof and inside 
paper has been closed so as not to admit of outside circulation. In some stations 




PlO. 158.— STANDARD ROOF TRUSS. 



tar and gravel are used on roofs not exceeding 80 degrees pitch. The construc- 
tion is as follows: To the purlins are nailed &-in. tongucd and grooved plank of 
yellow pine parallel to the trusses, and on this three layers of tar paper arc nailed 
and again over this is spread tar or pitch and covered with clean gravel nntil the 
tar is covered. Over boiler rooms asphalt, which melts at a higher temperature, 
mixed with sand, is used. Papers, such as Paroid or Asbestos Roofing. Ftlts, 
have been used over matched board roofs. 

pig. 159 show? a construction as applied to a roof of 64 ft. span. The tmssea 
are connected by iron purlins of 10-in. channels, which carry three lines of rafters, 
consisting of 4-in. channels parallel to the top chords of the trusses. Upon the 
^ters are laid longitudinal lines of angle iron \^y.\% Ins., spaced 18^ in. center 
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to center. Directly upon these are laid Lndowici tiles, being of each form as to 
Interlock with each other and form a watertight joint. Everj fourth tile is 
secured to the angle irons by a piece of copper wire passed through the lug in the 
tile and woimd aroimd the angle iron. No cement is required in making a water- 




Fig. 159.— sbction of trussbd roof span. 



tight roof, but in exceptional cases the joints may be pointed on the under side 
to make them proof against dust and fine snow. 

The tiles are of hard burned terra-cotta, 9 X 16 in. in size, or 186 pieces to the 
square. The weight is 750 to 800 lbs. per square. (In measuring roof surfaces 
100 sq. ft. make a " square.") 

STATION IXOOBS. 

I-beam girders with concrete or brick arches or some form of tile are largely 
used for station flooring. The conditioni^are such that in erecting or assembling 
machinery, heavy loads may be placed on these floors, and provision must be made 
that they bear these weights without yielding. The floors are generally figured 
at 150 to 900 lbs. per sq. ft. and the table below gives the proper spacing for I- 
beams. 

For ordinary station floors the cross-line on the column of figures indicates 
where the deflection on the beam is greater than ,|v of the distance between sup- 
ports, or ^ in. i)er foot. With such flexure on betfms carrying plastered ceilings, 
there is danger of the ceiling cracking. The weight of a floor is taken as that of 
the variable floor load and the load of the flooring structure. 

Fig. IGO gives the common methods of coimecting floor joists. Where a num- 
ber of I-beams are used close together, for supporting floor loads, separators should 
be bolted between them to prevent side deflection and buckling. In floor con- 
struction in several stations, concrete girders have been formed having imbedded 
in them twisted rods as tie rods. The distance between the concrete girders which 
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wen 8 ins. wide X 16 ins. deep, In one case was 6 ft. The wooden f ormB are 
made for the girder in position and in them, in the proper position, are placed the 
tie rods; then rich concrete is rammed into place, the arch between girders 





Fift. 100.— HiTHOD or ooxmoTOo nx>oB ^oim. 

forming one continuous construction, aud being made at the same time as the 
gilders. This floor has stood a test up to 400 lbs. per square foot. 

The objection to a concrete floor surface for a station is that the surface is 






. 161.— vms FBoor vloob: sbios. 

continually being worn off by the movment of the feet over it. This raises a dust 
in the station which enters the oiling system and bearings and leads to trouble 
with the machinery. In one water-power station washing down of the floors had 




Fio. 108.— mta riioor floob: hollow pottxbt. 

to be resorted to as the bearings commenced to heat shortly after each sweeping 
of the floor. 

To avoid this the floor can be treated with hot paraflln, which is burnt into it 
wilh a flame so that it rill not be a superficial coating; this prevents the 




Pte» 168L— ma pboov vloob: -asxuuom pottbbt. 



erosion 'of the concrete surface. Oils have been tried but they make the floor 
slippery and increase the chance of a flash fire. 

The Old method of constructing flrc-proof brick floors was to use a single 4-in. 
course of brick with a rise of 8 ins. to 4 ins. and resting on the lower flanges of 



I82 



ELECTRIC RAILWAY HAND BOOK. 



the I-beams against brick skewbacks. Fig. IGl. The weight of a fire-proof floor 
of this description, exclusive of beams averages about 70 lbs. per square foot 

For floors designed for heavy loads several courses of brick are used. Where 
wood floorr are to be laid over concrete construction, wooden nailing strips should 
be imbedded In the concrete. There are special burnt clays known as hollow 
pottery or porous earthenware. The form of construction generally used is shown 
in Figs. 1G2 and 163. Tie rods should always be used with arches between !• 
beams as shown. 




FlO. 10 1.— SECTIONAL VIBW OF PATBHSON STATION. 



Wooden floors should be of hard non-resinous wood, maple being one of the best 
The wood should be tborouKbly scacoccd and laid ti^ht to prevent the accumula- 
tion of oil, which constitutes a lire hazarxl. r iamond iron plates, tile and tessellated 
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floors are need In some stations; with these floors oiling systems which keep all 
oil off the floors should he provided, otherwise they are very slippery. 

In boiler rooms, concrete will not stand the heat where arhes are discharged 
on the floor, or constant shoveling is required in firing. Iron diamond plates 
make a better surface than brick or flagging laid in concrete. 

TYPICAL CENTBAI. STATIONS. 

Fig. 164 gives the cross-section of a station at Paterson, N. J. The span of 
the roof truss is 93 ft., the walls are brick, the buttress slopes from the ground 
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Fig. Ids.— ST. louts a bellevtllb btatiok. 

floor where it is 16 ins. wide and flash with the wall. Where the roof truss bears 
from the floor to bottom of roof, the truss at the wall is 23 ft. 6 ins. The thick- 
ness of the wall is 16 ins. ; inside buttress, 8 ins. ; the spans are 18 ft. 6 ins. apart; 
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tbe width of buttress 8 ft. ; the walls on the side of the buttress, 2 ft 8 ins. ; win* 
dow openingf 10 ft. 8 ins. 

The 10-ton crane traclc is supported by a blue stone capping on buttress as 
shown. The foundation is of concrete and the trimmings of blue stone. 




itctfOf* A A through £n9ln9 fioom 
TXO. 166.--ST. LOUIS A BELLEVILLS STATION. 

Figs. 1C5 and 166 show the construction of the St. "LomU & Belleville Electric 
Aailway station, containing two Corliss engines, 625 hp. each, direct-connected 
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to two genenton, 425 kw. each, and four bollen in two batterioa with an ont|Nit 
of 1000 hp. It will be noticed that the foundations nnder the station extend the 
whole area of the station. The structnro is selected as being typical of modern 
construction for small stations. ^ 

FIRB INSURANCE. 

The chaises for insurance are based on the fire haiaxd ptesented by the sta- 
tions construction. As this is a fixed charge against the plant per annum eycry 
precaution should be taken in construction to reduce the rate to the lowest possi- 
ble figuic. Fire-proof construction thi-onghout brings the lowest rate. This 
applies to buildings in which all parts that carry weights or resist strain^ and also 
all stairs and elevator enclosures and their contents are made of entirely incom* 
bnstible material, and in which all metalllo structural members are protected 
against the effects of fire by coverings of a material which must be entirely incom* 
bnstible and a poor heat conductor. The materials which shall be considered as 
fulfilling the conditions of fire-proof covering are: first, brick; second, hollow 
tilca of burnt clay applied to the metal in a bed of mortar and constructed in 
such a manner that there shall be two air spaces of at least 94 in. each adjacent to 
the metal surface to be covered; third, porous terra-cotta which shall beat least 
2 ins. thick, and shall also be applied directly to the metal in a bed of mortar; 
fourth, two layers of plastering on metal lath. 

Wooden stations, where erected within 18 ins. of the Una between the lot on 
which they stand and the adjoining property, should have brick walls on the tide 
next to the adjoining property. 

Insurance Rules for Standard Rlectrlo lilght and Power Stations* 

—Walls: brick or stone, at least 8 ins. in thickness, or Iron. Height: one story, 
without story or space below. Area : not over 5000 sq. ft. of ground area between 
standard fire walls. Hoof: metal, with metal trusses and supports. Floor t brick, 
cement, stone or earth. Wooden platforms may be used about machines. 
Cornice: brick stone or metal. £aves: not less than 15 ft. from ground. Finish: 
no combustible finish or finish leaving concealed spaces. Division walls, if any, 
to be of brick, or stone with standard fire doors or shutters. Partitions about 
offices, storerooms or elsewhere to be of non-combustible material. Boiler, except 
in standard station, to be outside» or cut off by standard flro wall with standard 
fire doors and shutters. Wall to be 8 ius. for one-story station, and 4 ins. to be 
added for each additional stoiy; wall to extend through and at least 8 ft. above 
roof. Roof of boiler house should have proper ventilator. Stack: brick, or if 
iron, to be outside and on brick foundation. Wire tower, if any, to be brick or 
Btone with same kind of roof as station proper. Stairs, if any, to bo properly 
enclosed when deemed necessary. Elevators, if any, to be in brick tower or with 
self-closing hatches. Heating to be by steam, hot water or hot air by blower 
system; piping for same to be free from woodwork and supported by Iron 
hangers. Stoves may be used in office. Lighting to be by gas, brackets so ar- 
ranged as not to allow flame to come in contact with woodwork; or by electricity, 
wiring to be in accordance with rules. Occupancy to be only for legitimate uses 
of the station.it8clf. Exposure: unexposed to other hazards within 50 ft.; or If 
exposed to have approved fire walls on exposed sides. 

Sprinklers arc sometimes required in an engine room; these should be lo* 
Gated so that in no case can the dynamo or switchboard be wet. It Is veiy doubt- 
ful whether they are useful in the engine room ; In the boiler room they might bo 
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valuable, although in many boiler rooms the temperature rises hi^h enough at 
times to cause them to operate and be troublesome. 

Where stations are erected adjacent to hazardous buildings, pipes have been 
run parallel and near to the eaves of the roof, drilled with holes and connected to 
the water supply so the side of the building near the hazard can be drenched with 
water in cq^e of fire. 

Wooden floors in a station always raise the insurance rate, and in most cases, 
fire-proof flooring will be a good investment; it is to be remembered that after a 
rate is placed on a station property it is very hard to reduce it, wheieas wiih 
proper fire precautions embodied in the original design a low rate can be secured, 
or the station can afford to carry its own insurance, and following the usually wise 
precautions advised by the fire underwriters, can save a large sum per annum. 
The matter of fire pumps and tanks required vary in diflferent localities, and the 
underwriters should be consulted to get their specific requirements in each case 
of contemplated construction. 

6ENEBAX STATION ABBANGEMBNTS. 

There are general arrangements regarding levels of the different parts of the 
station which should be adhered to if possible, in order to get the best results from 
the necessary apparatus in the power station. Where the boilers deliver their 
steam to a header above them, in order to get dry steam it is advisable not to drop 
the steam pipe system below the header any more than possible. This brings 
the boiler foundation naturally below that of the engines. If the exhaust from 
the engines be taken to a condenser, the condenser should be low enough to take 
the condensed water by gravity. This brings the level of the heaters and con- 
denser below the exhaust of the engine. Again in surface condensers or heaters 
where the hot water has to be fed to the boiler again by pumps, in order to 
deliver this hot water, the pump should be located below the source of water. 
It is thus evident that the levels of the internal station foundations should be 
carefully arranged to give the best results in both steam and water circulation. 

INTEBNAX FOUNDATIONS. 

The foundations required by boilers, engines and generators maybe built 
internally, independent of the foundation structure, or the whole building founda- 
tion can be extended from wall to wall, forming a monolith type of foundation. 
This type of station foundation is largely used where the character of the ground 
is not such as to warrant the required piessure per square foot to sustain the 
internal structures. Under each head below will be given the general methods 
used in foundation construction for boilers, engines and generators. 

The location of the boilers is determined by the ease of handling coal 
and ash disposal and the ventilation of the boiler room, and they should be 
so arranged as to require the least lengths and surface of steam pipe from them 
to reach the engines. The f oundatioiis for each type of boiler, its dimensions and 
character are usually given by the manufacturer; the dimensions given in this 
Hand Book should be used only in laying out and locating. It is customary 
for the boiler manufacturer to supply with their bids, plans and settings for the 
boilers estimated on. The weights per square foot should be obtained for the 
boiler to be erected and foundation made amply large, so that the boiler weight 
will not cause a settling. The foundation for boilers usually is not given suffi- 
cient attention: cracks in boiler walls reduce the efficiency of the boiler and 
•tack due to air leaks. 
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When the gioimct is of lach character as not to' take the boiler load under 
the foundation footings as required, piling can be resorted to, or a concrete 
monolith can be made, extending the length and width of the room occupied by 
the boilers. Structural iron can be buried in this mass but should be located 
away from the heating effects of the fire. As concrete is seriously weakened byk 
heat, the boiler wall should be raided at least 12 ins. above the concr^ bed and 
constructed of brick; on this the boiler walls are built. Boiler settings are 
taken up in the case of the different boilers described. In this concrete bed caa 
be formed the ash pits and air ducts necessary. 

THE BOILER. 

Determination of Capacity.— In railway plants the boiler haa to haye 
sufficient capacity to make up for all the losses in the steam and electric trana- 
mission and transforming systems. There are a number of factors that have to 
be considered in fixing the proper boiler capacity. If the contour of the road 
and the schedules are such as to bring intermittent overloads on the plant, a« 
may adse when the city is located at a lower level than the surrounding country 
which the railway serves, a periodic overload will be brought upon the staUon 
depending upon the schedule followed by the cars. Another periodic overr 
load may occur where the schedule is so fixed in a road that a number of 
equipments ' are climbing grades at the same moment. Under the section op 
** The Equipment " will be found the necessary power that has to be furnished 
for a given weight of equipment, speed, grade, etc. The line transmission losses 
will be determined by the length of feeders to supply the various sections and tha 
conductivity of the ground return. Data for this determination will be fonn^d 
under "The Line." These losses have to be added to the power required for 
moving the cars under maximum load conditions. 

The steam consumption of the engine will vary with the different types .and 
loads which will be found under the heading of the " Steam Engine.** Thf 
auxiliary appliances, such as pumps, condensers, blowers, steam heating appli- 
ances and steam pipe condensation also require steam from the boilers, and 
allowance must be made for them. The addition of all these factors, when ba8e4 
on the hp-hour, will give the mean steaming capacity of the boilers required. 

In railway work, another condition which often arises, is where specially 
congested traffic occurs such as at ball grounds, parks and other places. of 
amusement. This causes temporarily a large demand. In some cities the traffic 
on a Sunday or holiday doubles the number of equipments on the schedule. 
Then again the character of the business carried on in a certain district will 
impress itself upon the load curves of the station. In industrial towns extra 
traffic will be required to carry the workmen both at 7 a. m. and 6 p. m., and 
under normal conditions the traffic is heavier at these hours than any other period 
of the day. If the cars are heated electrically this is too important a factor to be 
neglected in the boiler installation, as it has amounted to 20 per cent on level 
roads of the total output. Snow plows and sweepers, and snow on the track also 
bring an additional demand on the boiler plant. 

The number of cars operated changes largely the character of the steam 
demand on the boilers. (See Data for Engine Sizes.) The larger the road the 
more nearly the load diagram averagets a straight line except at the two peaks at 
7 a. m. and 6 p. m. On roads with moderate grades the demand is averaged when 
the equipments are not so located on the schedule that they are climbing tho 
grades simoltaneously. Heavy grades accentuate momentary demanda. 
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TIm other points that reflect upon the capacity of the boilers required for a. 

I Mrriceixe the matters of draft, tcmpcratnro of the feed water and Bteaming 
qvallty of the coal to be need. There are physical conditions to be mot in the 
0lBoai|nppI J In railway work which, are of importance. Among them are the 
iadden Tari^tion of lood demand on the boiler and its capability of producing a 
latgo amount of dry steam. In the specifications for the steam delivery it is 
Importaat to know the length of time and estcnt of this demand. This sudden 
demand will also tend to produce foaming in the boilers which will mechanioally 
carry over water to the piping system. 

Outside the boiler the steam can be dried by superheating coils placed in the 
fomaee, steam separators in the steam main, and throttling at the engine, so 
that the steam in espanding will take up the superfluous moisture. But these 
are simply auxiliaries to take care of the steam in case of improper boiler actions. 

|t is inadvisable to force too small a boiler plant to meet thiese overloads as it 
yfS\ cost more m depreciation than the interest on the cost of a suflcicnt boiler 
tapaeity in the first installation. The units should be.dividcd up for the required 
•team output in such a way that under the most adverse conditions, under the 
eoaibination of the heaviest load, bad weather, and poor coal and with one unit 
of the boiler plant being laid off for cleaning or repairs, the station can atill 
operate without hazardous forcing of the boilers. It is hardly advisable even in 
the amallcst plants to consider less than three boiler units, two of which are cap- 
able under normal conditions of maintaining the station load at full potential. 
It la often advisable in boiler specifications, Instead of detailing the size of boiler 
mits roquiied, to specify what the boiler plant must deliver in pounds of dry 
iteam per hour with a moisture not exceeding 1 per cent for the maximum over- 
load that will fall on the station, and allowing the boiler manufacturer to divide 
this steam delivery into the most economical boiler units that he can supply. 
Some of the different types of boilers have certain capacities in which their pro- 
portions are most favorable, whereas by increasing or diminishing the size of that 
Igrpc the results are not as satisfactory. 

"The flre-tubo type of boiler is limited in its dimensions and output by the 
Isaailo strength of iron employed. Where ,boiIcr Fpace is limited a larger output 
c^ be obtained from the water tube boilers, and the maximum output for a given 
Ooor space can be obtained from the vertical type of boiler. 

Having fixed the number of pounds of steam required at the given pressure, by 
reftrring to the Table of Properties of Steam (pages 19 and 20), which gives the 
factors of evaporation, there can be found the number of pounds to bo evapo- 
rated from and at 81 3 degs. Fahr. By multiplying this figure by 9C5.7, the number 
of beat units per hour to be delivered by the boiler will be found. Dividing 
the equivalent i>ounda evaporated per hour by 84/^ gives the boiler horse-power. 

The common heat unit Is the British Thermal Unit, known as B. T. U., and 
is that quantity of heat which la required to raise the temperature of one pound of 
cold water one degree Fahrenheit. Tlie boiler horse-power is the evaporation of 
84Hlbs. of waterfrou and at 212degs. Fahr., or Its equivalent; this is equal to the 
conversion in the boiler of &';,317 B. T. U. per hour. This is often used for the 
rating of the capacity of a boiler, and has been defined by the boiler test com- 
mit ee of the American Society of Mechanical Eugincers, Code of 1898, as fol- 
lows: ** A boiler rated at any stated capacity should develop that capacity when 
nsingtho best coal ordinarily sold in the m.-irkct where the boiler i^ located, 
when fired, by an ordinary fireman, Avitlioiit forcing tlio firca, while exhibiting 
good economy; and further, the boiler should develop at least one-third more 
than the atatcd capacity when using the same fuel and operated by the same 
irawa, the luU draft belni; emplo/od, and the fires bcin;; crowded; the »ra|UUf 



ELECTRIC RAILWA Y HAND BOOK. tU^ 



draft at the boiler, unless otherwise understood, being not lefa than K ^ ^nSm 
column." 

General Boiler Proportions.~It is essential in anj boiler that snfflcienf 
provision be made to bnm the required amount of coal. This includes the area 
of the grate surface, the proportions of the stack and the size of flues. The de- 
termination of these details inyolves the quality of coal, kind of furnace, rate of 
combustion and skill of the fireman. 

The pounds of coal which will be required per hour can be obtained bj dlTid-l 
ing the equivalent Qf evaporation from and at 212 degs. Fahr. per hour, in pounds, \ 
by the weight of water that may be evaporated from and at 812 degs. by 1 lb. of I 
CQal. The very best grade of Western bituminous coal, low in ash, in a proper | 
furnace has evaporated 12 lbs. of water per lb. of coal, the boiler being prapovy 
tioned and designed to absorb 75 per cent of all the heat generated in; tbo fur- 
nace. This has fallen as low as 5 lbs., or less, of water per pound of coal with a 
poor grade of Western bituminous coal and poor furnace conditions for completa 
combustion. In a boiler having insufllcient heating surface, the author has 
obtained as low results as 4.1 lbs of water per pound of coal, 80 per cent ash| 
burned under boilers with grates unsuited to the coal and poor draft. 

Steamlngp Qaalltieg of Coal.— In this connection the values of the difftts 
ent characters of coal that can be obtained for a given plant should be understood 
in order that the grate surface and draft may be arranged to give the maximum 
results in the combustion of this coal. Coal consists of moisture, ash and com- 
bustible. The moisture may be surface moisture, due to exposure, or may 1m 
inherent moisture, which exists in comparatively dry coal and is only expelled 
on heating to a temperature of 240 degs. Fahr. The surface moisture can be 
evaporated by exposure to dry air or storing in dry places. The quantity of the 
natural moisture should be less than 1 per cent in anthracite but is as high as 14 per 
cent in some Illinois coal. It depreciates the heating value of coal to heat it for 
drying, especially where there is iron pyrites present in the coal ; coal dried by 
artificial methods will again absorb moisture on being exposed for a long time 
to the atmosphere. Where moist coal is used in a boiler, additional capacity 
has to be added to the grate surface in order to develop enough heat to raise thii 
moisture to the temperature of the flue gases or uptake, and, as a role, fbe 
thermal value of the coal ia reduced by this amount. 

Where the furnace is properly adapted for the coal to be burned, the ash in 
the coal comes from two sources; one, the non-combustible i>ortion, consisting 
of the non-combustible minerals formed in the original vegetable growths, the 
other, clays, slates or iron pyrites, which may appear in seams through the coal 
deposits. The ash element in the coal cau be greatly reduced in quantity by 
carefully mining and sorting the coal at the breakers. Coals high in ash require 
that the fires be handled more frequently in the furnace, and for a given com* 
bustion of coal larger grate areas should be used. Some of the low grade coals 
require the building of a furnace external to the boilers in order to obtain snfll- 
cient area. 

The value of a coal Is determined by its combustible matter, and some stations 
have bought coal on condition that only the combustible matter should be paid 
for, subtracting from the weight of coal that of the unconsumed ash. Coals high 
in sulphur cause trouble in the furnace by the formation of clinkers on the grate 
bars, the sulphur combining with silicate; and earths in the ash forma fusible slag 
or glass, which interferes with the air supply and diminishes the coal bamiag 
capacity of the grate surf ate. 
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Coals are classified according to their general character Into anthracite, semi* 
anthracite, semi-bitominona and bituminous. Anthracites are those coals which 
contain less than 7^ per cent volatile matter in «ie combustible, being low in 
moisture. The smaller sized coals go under the name of chestnut, pea, rice, 
buckwheat, barley and screenings; and, generally speaking, the smaller the size 
of coal the greater per cent of ash it contains. The analysis from one mine gives 
the following ratios: "Ezz screen, 2J4 in.-i;4ln. 88.49 free carbon, 6.66 ash; stove 
IX to 1^ 83.67 f. c, 10.17 a.; chestnut, l\i ins.-'^ in. 80.72 f. c, 11.67 a.; pea, 
J4 in.-^ in. 79.05 f. c, 14.G6 a.; buckwheat, y^ in.-^ in. 7G.9a f. c, 16.62 a. The 
semi-anthracite and semi-bituminous coals contain 12>^ per cent to 25 per cent 
volatile matter in the combustible, usually run low in moisture, ash and sulphur, 
and have high heating value per pound of combustible. These form the beet 
Steaming coals in the United States, and can be burned at a higher rate on a 
grate surface without clinker. 

Bituminous coals contain 25 per cent to 50 per cent volatile matter, and vary 
bonsiderably with the coal- bearing areas in the United States, west of the Alle- 
ghany Mts. In a general way the volatile matter increases as they go westward 
and northward of the Al leghany Mts. The percentage of moisture also increases 
as they go westward ranging from 2 per cent near Pittsburg to 14 per cent in 
some of the Illinois coals. 

From a chemical analysis of coal its heating value may be calculated within 
a limit of error of 2 per cent by the application of BeLong's Formula which 
follows. Here C stands for carbon, H for hydrogen, O for oxygen, and S for 
sulphur in the coal. The heat units per pound = 

.01 [ 14,600 C -f 62,000 ( H — 2-^ + 4000 S 1 

The proximate analysis of coal is also largely used, giving the volatile matter, 
jflxed carbon and ash in the coal. The probable heating value can be figured 
.within an error of 8 per cent by the use of the following table : 

APPBOXIMATB HBATING YAJJTR OF THB COMBUSTIBI^B 
POBTION OF COATi. 



Composition. 


Heating Value per lb. 


Equivalent Water 

Evaporated from and 

at 212 degs. per 

lb. ofComhuslible. 


ft Fixed Carbon. 


Volatile Matter. 


Heat Units. 


97 
94 
90 


3 
6 
10 


14,940 
15,210 
15,480 


15.47 
15.76 
16.06 


87 
80 
72 


13 
20 
28 


15,660 
15.840 
15.660 


16.21 
16.40 
16.21 


68 
68 
60 


82 
87 
40 


15,480 
15,120 
14,760 


16.06 
15.66 
16.88 


, 66 
68 
51 


48 

45 
47 
49 


14,220 
13,860 
13,820 
12,420 


14.78 
14.85 
18.W 
18.86 



ELECTRIC RAILWA Y HAND BOOK. 



X9X 



.The pnctical way that operators of central Btations can exactly detennio* 
this matter for themselYes, under their own conditions, is to secure snfficicnt coal 
for several days' ran and bum this coal under average practical conditions, thus 
finding the output In. watts for the weight of coal or the cost of coal per kw 
output. 

In changing from one coal to another, especially in the case of the different 
sizes of pea coal or from hard to soft coal, the grate or furnace may not be prop- 
erly constructed to utilize to the best advantage the heat units In the new coal. 
The unconsumed carbon in the ash, the temperature of the uptake, the smoke 
Issuing from the chimney and the draft should all be taken into conslderatioa 
when.teBtlngancwcoalin order that the test be carried. on. under conditions 
giving most accurate results. The fireman is often puzzled at first to get the best 
results from a change in the grade of coal. Unless these points are carefully 
watched in a coal test of this kind, a coal which his capabilities of producing 
greater output for the same costmay^ not have a fair . trial; and this is especially 
:SO in changing from anthmcite to bituminous coal, as the fumaoe for one is 
unsuitable for the other, these two coals requiring considerable difference in fur- 
.nace construction. 

Below is a table giving heating values of some well-known coals in heat units 
per pound of combustible and the equivalent, evaporation from and at 218 degs. 
Jahr. 

HBATIXG TAI^VES AND EQUIVAI.ENT EYAPOBATIOK OF 
TARIOUS KINDS OF CO At. 



Anthracite, Pa 

Semi-anthracite, LoyalbOok and Beruice, Pa 
Semi-bituminous, Broad Top. Clearfield, Cam- 
bria, and Somerset, Pa.; Cumberland, Md., 

New River, W, Va., and Pocahontas, Va. 

Close average 

Bituminous, Connellsville,. Pa 

* Youghiogheny, Pa..... 

Jefferson, Pa 

Pittsbu rg. Pa 

Brier Hill, Oliio 

Upper Freeport Seam, Pa. & O 

Vanderpoof, Ky ■. 

Middle Kittanning Seam, Pa 

Thacker, W. Va 

Jaclcson Co., O 

Hocking Valley, O 

Big Muddy, 111 

Streator,Ill 

Mt. Ollive, HI ^.. 

Lignites, la., Wyoming, TJtah, Oregon. .>.,..>- 



Heat Units 

per pound 

combustible. 



14,900 
16,500 
15,T0O min. 

15,800 max. 

15,750 aver. 

15,800 

15.000 

15,300 

14,800 

14 800 

14,800 

14,400 

14,500 

15,200 

14,600 

14,200 

14,7100 

14,800 

13,800 

11,000 

to 
12,900 



Equivalent 

evaporation 

from and at 

212°. 



15.43 
16.05 



16.80 
15.84 
15.58 

16.82 

15.83 

15.01 
15.74 
16.11 
14.70 
15,28 
14.80 
14.29 
11.89 
to 
13.85 



With^t boiler properly designed in all its proportions it is found that the 
xpUUdmum economy ia obtained when the boiler is driven at an equivalent rate 
of evaporation of three pounds of water from and at 213 degs. per hour per 
squ«refoot<pf heatingiiQrfaee. When the evaporation falls below this rate, tin 
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racllation and other boiler losses rapidly grow in the percentage of the output as 
they are in a large degree constants. 

. Aa a rnlc. the economy falls with a rapid rate of driving the boiler, yet among 
the different boilers, changes in the economy for the different rates of evapora- 
tion even with the same kind of coal, will not follow the same curve between the 
water evaporated per sqnaro foot of heating surface and the pounds of water 
evaporated per pound of coal. It may, however, be expected that the evaxwration 
per pound of coal will be approximately 13 per cent less when the evaporation is 
forced up to 6 lbs. of water per square foot of heating surface than when it is at 
the average rate of maximum economy of 8 lbs. per aquaref oot of bca^g anrfaoe. 
But the above general rule must be used with considerable allowance. A Babcock 
A Wilcox boiler in the power station of the Hestonvillo, Mantua Jk Fairmonnt 
Park B. H., Philadelphia, Pa., shows an evaporation of 6.34 lbs. of water per 
square foot of heating surface, and the water evaporated per pound of combusti* 
ble was 10.97; on the Staten Island Electric R. B. Ca. New Brighton, Staten 
Island, the same type of boiler had an evaporation of S.C6 lbs. of water per square 
foot of heating surface with 11.78 lbs. of water per pound of combustible. The 
ratio of heating surface to grate surface in the first case was 40.87, and in the 
second, 00.28. 

The grate snrface of a boiler can be roogUy ansuned to be ^ sq. ft. per hp- 
hoor. The table given herewith of several types of boilers shows the grate snr- 
face used by different makers per hp-hour; It will be noticed that the larger the 
boiler unit, the smaller the surface reqtiired to produce a hp-hour. The hftsting 
sufsoe figure Is given as 11.5 sq. ft. per hp-hour. 

OBATB SUBJrAflX PXB HOBSB-FOWIBB HOUR. 





Ttpb of Boiubk. 




Bxnra. 


BABOOOK * 

WII.COX. 


oLomitoox. 




Grate Surface 
per hp-hour. 


Grate Snrface 
per hp-hour. 


Grate Surface 
per hp-honr. 


ISO 
900 
860 
800 

800 

400 

000 

1000 


.ISO 
.185 
.J76 
.188 

.104 


.944 

.823 

.201 

•••••• 


.88 
.85 
.24 
.818 

.188 
.171 



The ratio of the heating surface to the grate surface Tarles largely in boilers 
of different types. Beports of teats on some thirty Babcock A Wilcox boilers show 
a variation in ratio of from 83 to 87: 1 of the heating surface to the grate snrfaoe. 
The Stirling boiler shows a variation of 78:1 on a 000 hp. boiler, 44.7: 1 on • 
850 hp. boUer, and 87: 1 on a 185 hp. boiler; the GUbmis Taitas fxon a to 8ltl 
ntio. 

For farther data and methods of eondtieting boll« tssts sst psges 97 lott» 
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VTFX8 OF BOTf.TniH, 

The Flre-TmlM BoDer.— This boiler It msnafaetored Urxely throof ho«t 
fhe eoontiy bj boiler mannfactnrcni, thu shell ransliijc from 7^ ins. to 64 ins. fn 
diameter. The table of dlmcnaioiM below gives the practical, standard pro 
portions for one of these boilers. 

Following is a report of a test of horizontal retnm tubular boiler for New 
Bedford A Fair Haven Traction Co., Kew Bedford Mass. Test made by H. L. 
Butler, M. S., of Wm. Sellers A Co., Philadelphia. 

Dlm«nsioiis of Boll«n oa whloh test was made* 

BIsmeter of Shell 7S!ns. 

Length of Shell and Tubes 17 ft. 6 Ins. 

Number of Tabes 188-8 ins. diam. 

Area of Heatins Surface 1877.88 sq. ft. 

•• •* OrateSnrface 86 *' " 

•• throiigh Tubes 6.66 *• " 

Batioof Heating Surface to Grate Suifaoe 68tol 

•^ *' Orate Surf ace to Tube Area 6.4tol 

suck 48 ins. Dia. 90 ft. high ab^ve Grates. 

Boilers set in Pairs. One Boiler tested, the other banked. 

Iteport of Test. 

Vsnner of Start and Stop Running 

Kind of Bun Continnoui 

Duration 11 Hours 

Quality of Coal nsed, ** Pocahontas/* bituminous, run of mine. 

Coal Consumed (11 hours) 4556 lbs. 

" " (perhour) 414.181l)s. 

** per square foot of Grate per honr 11:5 lbs. 



Fereentage of Ash 



( Ashes not considered, non-combustible reduced to ) 
•< powder, weighine not more than 8 lbs. for whole run, \ .00 
f BverTthing practically consumed. ) 

Percentaee of Moisture in Coal 6.66 per cent 

Combustible used in (11 hrs) .42eS.571bs. 

(perhour) 886.50 ♦» 

Water Evaporated (11 houis) 68,S86.5 " 

*• •• (perhour) 4748.77 " 

** ** per square foot of Heating Surface 2.5S ** 

•* " per pound Commercial Coal 11.46 *» 

•• •» " " Combustible 1228 *' 

" " •* •• •* from and at 218 degs... 18.23 •* 

Boiler Pressure (average gage) 180 ** 

Temperature of Water before enterins Heater 8H de^s 

*' »• Peed Water before entering Boiler 180.03 *• 

^ «^ Escaping GkMes, Maximum 402 '' 

" •* f' " Minimum 820 ** 

Ferceutage of Moisture in Steam 1.8 per cent. 

The heating surface in different types of this boiler, varies somewhat with 
the setting; but the test by H. L. Butler on this type of boiler, manufactured 
by the Harrisbnrg Foundxy A Machine works, with the Weitmeyer furnace which 
consists essentially of very carefully proportioned parts of grate, flao areas and 
drafts, gives the results shown in the table above. 

The value of the special scHlng in this boiler Is in carrying the draft from the 
back of the boiler sotting, passing un^Ior an apron in the combustion chamber 
and under the brid;;e wall, to the coal, in t!;is way raising the initial temperature 
of the draft and Improving the cctidltions of combustion. Fig. 168 shows the 
setting for the horizontal tubular boiler as designed by ths Hartford Steam In- 
ipectioii A Xniursncs Company, 
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The table below can be used for instaUlng this type of boUcr, which may 1m 
used in the emaller ■tations. 

STANDARD HOBIZONTAI^ TUBULAR STEAM BOII^It. 







TABLl OF 8IZX8, PROPORTIONS, 


ETC. 






Diameter 
of 


Lensrth 


«T 


G.p 


Numl)er 

Of 


Diameter 
of 


Lenjrth 


Pa. Ft. 

OfUeat 

inff Snr- 

lace. 


:7omlTial 
Horse 


Shell. 


Shell. 


Shell. 


Head. 


Tubes. 


Tnbes. 


Tubes. 


Power. 


InB. 


Ft. Ins. 


Int. 


Ins. 




Ins. 


Ft. 






72 


19 4 


8-8 


1-8 


80 




18 


1,600 


100 


66 


18 4 


8-8 


1-2 


74 


8^ 


17 


1,850 


90 


60 


18 8 


8-8 


1-2 


78 




17 


1> 


80 


60 


17 3 


8-8 


1-2 


76 




16 


14S6 


78 


60 


16 3 


88 


1-2 


77 




15 


1,060 


70 


60 


16 3 


8-8 


1-2 


70 




15 


975 


06 


60 


16 3 


3-8 


1-2 


64 




15 


900 


60 


54 


17 3 


5-16 


7-16 


60 




16 


900 


60 


64 


17 3 


5-16 


7-16 


66 




16 


825 


66 


64 


16 3 


6-16 


7-16 


62 




. 15 


780 


60 


64 


16 3 


6-16 


7-16 


46 




15 


875 


46 


64 


16 3 


5-16 


7-16 


40 




15 


600 


40 


48 


17 2 


6-16 


7-18 


50 




16 


780 


60 


48 


16 2 


6-16 


7-16 


48 




15 


675 


46 



These drawings show the projecting front setting, which is preferable to 
the flush front, for it costs less for repairs and no more to install. In building 
a double wall to the boiler settln«?, bricks from the outer wall should project and 
jnst touch the inner one; this allows the inner wall to expand without fracturing 
the retaining wall. The onter wall should be 12 Ins., both sides and rear, in 
erery case, and the distance between the boiler and inner rear wall, 24 ins. The 
boiler walls arc tied together by rods passing from wall to wall across the setting 
and secured to the top and bottom of ribbed or cast-iron plates as shown in the 
engraving. In no cade should lime mortar be used in any briclc work or in 
masonry that touches the iron, for the heat will produce a chemical action be- 
tween the lime andiron which will severely corrode the latter and weaken it. 

The boiler is ordinarily mounted upon the settting on iron plates set on the 
side walls resting on cast-iron brackets or lugs riveted to the sides of the boiler; 
the back lug docs not rest directly on the plate but on iron rolls which are 
inserted between the back lug and plate. Where there are more than four Ings 
all lugs should have rollers except the front lugs which rest directly on the iron 
plate. The rear end of the boiler is ordinarily set 1 in. lower than the front 
end. 

In order to rednce the high tensile strength and large volnme of water eon- 
talned In the horizontal tubular boilers, a number of forms have been developed 
during the past twenty years. These boilers are designed to increase the coal 
steaming capacity, the circulation of water and to confine the deposit ftom the 
crater, bpth minerai and suspended impurities, to locations where they will not 
lie acted ?a by inteAM«heat.Aii^. readily blown out when cleaning or rep*ixing. 
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MEASUREMSNTS FOB THB SETTINa OF HOBIZOMTAIi 
TVBUULB BOILEBS. 









*. 


5 . 


1 


3 


3 






^ 






i 


AC! 

I 

5 


% 


i 

ii 

•Do 


IS 

il 
el 


i 


1 
1 


1 


^1 

-5* 

1= 


5 . 

I- 




41 
1' 




i 








5 


^ ii 






1 


t 


1 


& 


h 

5 


w 




48 




66 


9 


23 


4^ 


1'^ 


21 


24 


48 


9 




48 


48 


50 




f 1 


9 


23 


<fl 


1 1 


21 


24 


48 


9 




50 


50 


52 




60 


9 


23 


4J 


lOi 


£4 


24 


48 


9 




52 


5S 


54 




6^ 


9 


23 


4-^ 


1-^ 


24 


24 


48 


9 




64 


64 


56 




(t 


9 


23 


r > 


] ) 


2-1 


24 


48 


9 




66 


56 


58 




6J 


9 


28 


6J 


IJi 


24 


24 


48 


9 




68 


58 


00 




68 


9 


23 


51 


1M 


24 


24 


48 


9 




60 


60 


62 




n 


10 


21 


.' i 


] > 


28 


»4 


62 


10 




62 


62 


61 




70 


10 


24 


5J 


lis 


28 


24 


53 


10 




64 


64 


66 




73 


10 


24 


ro 


1*^ 


2B 


24 


63 


10 




66 


68 


63 




H 


10 


24 


CI 


] 3 


28 


24 


62 


10 




68 


68 


70 




rj 


10 


24 


rt 


ri 


2i 


24 


52 


10 




70 


70 


;2 




78 


10 


24 


60 1 1^ 


S8 


58 


10 




72 


73 



Water-Tnbe Bollent General Constmetlon.— The points that, are 
gained by thia form of oonstmction are as follows : a mad dmm to zeceiye all 
impurities, a large water snrface for the disengagement of the steam from the 
water, and thorough circulation of the water thronghont the boiler, so as to 
maintain all parts at one temperature as nearly as possible. 

For lessening danger ^e water snrface is divided into wcClons so arranged 
that sliould any one part give out no general esploslon would occur. The con- 
stmetlon Is so arranged that It will bring as few joints as possible exposed to 
tlie direct action of the fire, reduping the liability of internal strains thrown on 
the boiler by unequal expansion. The heating surfaces are located as nearly as 
l>o88ible at riglit angles to the corrents of heated gases so as to break nptha 
currents and extract as much arailable heat fh>m them as possible. 

The designers of this type of boiler also leave ample openings to the watei 
tnbe^ jan be cleaned both externally and internally. 

The Babeock ft WileoK Boiler.— Thia type of botler Is shown In Fig. 160. 

The boiler is composed of sections made np of 4-in. wrought iron tubee ex« 
panded Into headers, and connected into a steam and water dmm by 4-in. tubes 
expanded into npijer ends of headers, and Into wioaght-steal crest boxet os 
nndei side of dmm. 

The mud dmm, placed at the lowest point of the ttmctnie. It connected by 
44n. nipples to the bottom ends of the rear headers. The tube and nipple ooft 
Mctiont betwttii all partt are oiade br txpandtd 4otat8» 
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The boiler is euapended at front and rear from wrought Iron supporting 
frames, entirely independent of the setting, to allow^or contraction and expan- 
sion without straining either the boiler or the brickwork, and to allow of repairs 
to, or renewal of, the latter without disturbing; the boiler or its connections. 

Cteam is taken from a dry pipe perforated on top side and connected into a 
flanged steain opening on top of drum. When two or more steam drums are used 
on one boiler, the drums are connected by a balance pipe upon which the safety 
valves are mounted, and a cross pipe for main steam valve. 




IfxO. 169— BABCOCK A WILCOX' BOILEB. 



The hand holes are closed on the outside by a ca^ which is held in position 
by a forged steel clamp closing the hand hole opening froni the inside and 
secured by a bolt. 

The mud drum Is 12 ins. in diameter and of proper length to be connected 
with cU of the sections in the boiler by means of nipples expanded into scats. It 
ij tapped for blow-off connections on its rear side, and furnished with hand-holes 
for cleaning. 

The space occupied by a boiler of 250 hp. is shown in Fig. 169, and the sizes 
of a boiler of the W. I. F. typo from 1C3 hp. to 243 hp. are given in the table 
on page 176. These dimensions should only bo used for approximately locating 
these boilers; a space should be left of at least 19 ft. in front of the boiler so the 
tabes can bo withdrawn in case of repairs. 

The table on the following page gives a test on two Babcock & Wilcox boileit 
taken Irom their catal<^e oq railway piant9* 
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OVNEB OF PLANT WHSBS TK8T 
WAS MADS. 



Hettonyflle. 
Mantas A Fair- 
monntPk.R.R. 

Phila., Pa. 



Staten Island 
Eleo. B. R. Co. 

New Brighton, 
SUtanlaUud. 



Engineer conducting test . 

Kind of coal 

Date. 



Duration, hours 

Coal burned pcT sg. ft. of grate p-r hour. 
Water evaporatea per rq. ft. of heating surface 

per hour from and at 212 degs 

Water evaporated from and at t\% dcgs. per 

pound of coal 

Water evaporated per pound combustible from 

and at 213 dcgs 

Per cent of refuse in coal 
Dmft 



Temperatnre of flue gases 

Per cent of mojstnre in steam .... 
Ratio of heating surface to grate. 



J. J. DeKinder 

Uenrietta, Pa. 

Har. 29, 1805 

0.50 

».0S 

10.07 
6.83 
.87 
780» 

.« 
46.87 



W. IT. Sbeaff 

Victor, Pa. 

Hay, i^d, 1&/7 

15.17 

S.66 

iW.TOT 

11-78 

0.18 

.48 

"e6!« 
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Stirlins: Water-Tube Safety Boiler,— The boiler consists, briefly, of tbree 
upper or steam dnnns, and one loWcr or mnd dram, all connected together bj 
means of tubes, which are bent elip^htly, so as to allow them to enter the drains 
normal to their surfaces. See Fig. 170. All the upper or steam drums are connected 
by steam circulating tubes, but the front and middle drams only are connected 
by water circulating tubes. The tubes used are 8^ ins. in diameter, and are 
made cf lap-welded, mild steel. 

The circulation uf the hot water is between the two forward drums and the 
'^r mud dram, the feed water being introduced into the third dram. See Fig, 



ir«04 



Delivery 




Fig. 171— oiboxtlation m stiblino bozlzb. 



171 for path of circulating water. The equalizer pipes connecting the drams 
introduce steam into the middle dram, which is used as a heater for the numerous 
pipe sections. In order to produce dry steam the end of the steam pipe terminates 
in ia T inside the middle dram to which are secured pipes, near the top of the 
dram and paralleling it, in which are cut slots in order to throttle the steam, so 
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HraoHT. 


Depth. 


"WlBTH Ton 

Each HP. 


Class A 


18' - 9" 


16' - 0" 


.056' 


B 


12' - 0" 


14' - 0" 


.067' 


E 


ly - 2" 


16' - 8" 


.065' 


F 


20 -7" 


16' - 9" 


.048' 


6 


20' - 64" 


19' - 7" 


.GW 


H 


18' - 8" 


17' - 6" 


.051' 


I 


21' - 8" 


19' - 6" 


.066' 


K 


21' -10" 


17' - 7" 


.04' 


L 


22' - 4" 


18' - 8" 


.086' 
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t!:at dry steam will be produced for ftaddcn steam demands; this is espocUIly 
used for railway work where the steam demands will be frequently of this natartw 
In setting this boiler, it is sustained independently of the brickwork 8::rroiind!B)( 
it. Th3 three upper steam drums are supported by wrou.';ht iron beams rcstlBft 
on wrought iron columns, while the mud drum is suspended and loft free to 
allow for contraction and expansion. The dimensions of the Stirling boUer ai« 
glTcn in the table on page 179. 

The Stirling boiler is built to meet tho Tazying xequlremeiiti of belght, width 
and depth and the diiferent types lettered as in the toble» Some tests made on 
these boilers are given below. 

TESTS ON STIBZJDfG BOHJEBS. 



Location. 



Lehigh Valley 

Trac. Co., 
Alluutowu, Pa. 



Union Ry. 
Co., Provi- 
dence, It. I. 



.LlBdell Kr. 
Co., 

8t.lK>ttiB.X0. 



Engineer r 

Bating , 

Duration test •- 

Temperature of feed 

Evaporation per lb. coal from 

and at 212 degs 

Evaporation per lb. combustible 

from and at 212 degrees 

Coal consumed per square foot 

grate per hour 

l>raft 

IMoibtnre in steam per cent , 

Temp, of escaping gases 

Per cent developed above rating 

Below rating. . . .: 

Kind of fuel 



P. Hansen 
600 
10 
191.8 

8.47 

11.27 

9.91 
.8 



1.5 

Buckwheat 



Thos. Evans 

aso 

9.7 
66 

.10.67 

11.61 

14.8 
.78 
1.75 
806 
6 



'W.H.Biyaa 
800 
9 

4r 



r.8t 



.17 
.14 



Cumberland 



44S 

16 

illinols Lump 



The Morrln CUmax Water-Tabe Boiler is mannf acture4 by the ClOB- 
brock Steam Boiler Company. Fig. 178 shows the general constnictioii. It 
consists of a vertical cylinder and loop-like tubes, which form the principal 
heating surface, extending the entire length of the boiler. The tnain cylinder 
shell, A^ is constructed similarly to any cylindrical boiler shell, and It made 
perfectly steam tight as well as strong enpugh to resist internal pressure. It 
is provided on fop with a manhole plate. The extremities of the loop-like 
tubes extend and are expanded into the cylinder, Ay forming a steam tight con- 
nection; these tubes re-enter the cylinder about 18 ins. above their initial 
entrance. As the boiler increases in size, the water and steam spaces Increase 
in the same ratio. 

In some boilers the feed water has been introduced through a spiral pipe 
located above the loop tube^, and used as a water heater for the boiler. The tt% 
box is annular in form, and enclosed in a casing of Iron, which is bolted together 
In segmental sections and lined with flro brick. Three or more ilie doors aro 
provided for tho boiler depending upon its size. According to the data piven by 
the Clonbrock Steam Boiler Comiiuny, the beating surface of it* boUcrt 
evaporates 6 lbs. of water per square foot of healing surface per liour with* rate 
of combustion oi ^30^ lbs. Of coal per square foot of grate per honr. The ttbU 
)iircwith (fives the sizes of these boilers and tho spaces they oecapy. 
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DIMBMSIONS OF CUMAX BOIUEBS. 


HP. 


Diameter. 


Helifht 


Grate Suface. 


Heating Sarf ace. 


100 


8' 


14' 2" 


Meq.«. 


1025 eq. ft. 
1880 ^* 


125 


V 


17' 6" 


150 


10' 


18' 


48 " 


1675 " 


90O 


10' V 


I^IO" 


60 •* 


8000 " 


850 


W 11" 


81' 6" 


60 " % 


8600 •* 


aoo 


11' 2" 


23' 1" 


64 " 


8000 •• 


850 


11' 6" 


87' 8" 


60 " 


8475 *• 


400 


18' 


27' 6" 


77 " 


8650 •• 


SOO 


18* 8" 


81' 4^" 


80 " 


4560 •• 


600 


14' 


88' 6^ 


110 •• 


6600 •• 


800 


16' 


88' 10" 


128 " 


7000 « 


1000 


17' 


48' 8' 


171 " 


9900 '• 



Abendroth A Boot BoUenu— Tlie construction of tlils boiler provides for 
the circulation of the heated {^ases, not only among the tubes, but around th^ 
overhead steam and water drums; the heated gases also circulate around th9 
cross steam drum, maintaining the temperature of the steam. The general con- 
struction of this boiler is shown in Fig. 173. 

The setting is peculiar to this boiler. The entire weight on the front ends of 
the tubes and drums rests on a swung beam ; the weight is supported from under>^ 
neath and the beam is supported by rods attached to the top of the front setting 
of the boiler. The tubes f ormiug the heating surface are connected together at 
the ends by a U-pipe, which joins the ends of two adjacent tubes. Each vertical 
set of tubes starts from a header, and each pair of vertical tubes enters a 
separate steam header on top and these various steam headers enter one equal* 
i;fiing header, as shown in Fig. 178. 

General Information.— Boiler setting plans, specially designed for the 
boiler to be installed, are usually furnished by the boiler manufacturer; and 
these should be adhered to closely, as any deviation from this design may 
seriously interfere with the guaranteed efficiency. 

Whcnthe boiler has been completely set, and the lime mortar and lire-clay 
luting has hardened so that a knife blade will not penetrate it more than ^ in., 
and not sooner than 12 hours after the masons have finished, the boiler should bo 
slowly filled with cold water up to the high water gage; then a slow fire of shav- 
ings and wood may be built on the grate surface, covering not more than one- 
quarter of the grate surface. This should be kept going until the boiler and 
setting are warmed up; the safety valve or header, should be wide open during 
this firing. When steam issues from the boiler, the openings may be closed and 
the steam pressure gradually raised. A great many boiler settings have been 
ruined by heating them up to quickly; 48 hours should be required for a 200-hp. 
water-tube boiler to reach a temperature of 213 degs. Fahr. 

Pyrometers for measuring flue temperatures also aid in the proper handling 
of thi) dampers and draft, but this temperature of uptake cannot be taken as a 
criterion of firing economy; for with a slow fire, the flue temperature and effi- 
ciency may both fall together. Where steam blowers are used, these may reduce 
the temperature of the uptake, but, duo to the additional heat required to raise 
the temperature of the draft moisture, the temperature may bo lower In tho up- 
take, while the heat units lost passing np the chimney may be increased " 



f 



204 



ELECTRIC RAILWAY HAND BOOK. 



Grates are made Btatlonary, conaiating usually of Y-shaped cast-iron bars; 
the air space b^twecu the bars is generally about 25 per cent of the grate 
area, but this is less with screenings and coal smaller than pea. The bars 
are usually placed parallel to the furnace sides so the slicing bar and poker can 
readily clean between the bars. These grate bars are supported on tranrrers ^ 
beams, which are secured to the sides of the furnace. There are a nun-ber 02 
forms of shaking and dumping grates to reduce the time required to c/.e ^a tne 
fires, and assist in disengaging the ash from the burning fire bed. Thei? cor.*- 
ftrnction embodies n pivoted section of a grate bar, movable by a handle p)r<1ecf>' 




„£2ifi"_ S 



Fig. 17a— abkndboth * boot boileb. 

ing from the boiler; in some forms they are arranged so that by further pulling 
out this handle, the grates are tipped sufUcicntly to dump the fire. The best 
height for grates is 80 ins. above the floor level. Where hot air is used for draft 
or in down draft furnaces, these grate bars are hollow and water kept circulating 
through them to keep them from yielding or melting under the increased 
temperature. 

MBCHANICAI. STOKERS AND TRAVEUNO ORATES. 

Here the grate bars are not made continuous and solid, but are e&meu ^cr 
ward by proper mechanism away from the fire door, where coal \a v nuomaiiea^f 
f«d with a variable depth on the traveling grate from a hopper, .'.uanpeed A 
dilTing thii grate Is under control ; the coal ahoold be ooliiitletelj ocnief ^efor 
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It leaches the end of its journey through the furnace. 8uch a Rrate is vractically 
■elf cleaning with a coal that docs not slag badlv. Mechanical stokers do not 
handle well either s very hard variety of anthracite nor a bituminous which ca!:c8 
and melts badly; but with the exception of these two classes of coal, the 
mech&nlcal stoker has proven a cosl and labor saving device in a number r 
railway plants. In some of the types of mechanical stokers, the rate of feed i ' 
the coal is automAtlcally controlled by the steam pressare of the boiler. 

BMord of Six Tests to De ter mine tl&e CompunitlTe Eoonoiny of t 
Boney Moohanloal Stoker and Band Flrlnir on Hartford Retw-i 
Talmlar Bollers» 60 ins. z 80 ft* Bnmlnir Comborland Coal witi. 
^Natoial Draft. Bating of Boiler at 12.5 Square Feet. lOtt HP. 

NoTr.~The same man fired on all six tests. First three tests, hand fired ; last 
three tetits, stoker. 

HAXD VUUBD. 



^ 



Duration 

of 

Test. 

Hours. 


Temp, of 
Peid 
Water 


Steam 

Pressure. 

Lbs. 


Total 
Coal plus 
Wood at 

40%. 
Lbs. 


Total 
Water 
Evapor- 

ated. 

Lbs. 


Evapora 
tlonper 

actual. 
Lbs. 


Evapora- 
tion per 
lb. dry 
Coal from 
& at 212°. 
Lbs. 


HP. de- 
veloped 
above 

Per Cent 


123.5 
132:0 
64.25 


145.7 
148.2 
152.2 


107.5 
104.6 
66.1 


134,459 
135,338 

81,214 


1,2S6,249 

1,270,753 

810,060 


9.34 
9.89 

10.03 


10.86 
10.44 
11.00 


5.84 
18.68 
66.00 
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65.5 


146.4 


68.1 


28,121 


288,781 


10.81 


11.89 


54.65 


64.5 


146.0 


68.0 


20,794 


808.887 


11.06 


12.25 


66.68 


65.5 


145.2 


65.2 


20,000 > 


820,034 


11.85 


12.54 


84.96 



The American Stoker Company's mechanical stoker bums efTectfvefy both 
bituminous and anthracite coal. The mechanism is simple and easily operated 
and under the combustion principles used in its construction, It attains a more 
economical use of coal than by hand firing. Tlie gases leaving the chimney are 
totally consumed, leaving no free carbon. 

In tests made in Cleveland, Ohio, with mechanical furnaces, the poorest of 
the cheap coals consumed was 4.98 lbs. per hp-hour. The economy of the cheap 
coai mechanically fired over that for the high priced coal, hand fired, shows an 
earning power of capital investment equal to 80 per cent. Data of tests on slack 
coal hand fired, and like coal mechanically fired show the following results ; the 
economy favored mechanical firing 20 per cent plus the factors of lessened labor, 
cost in fire room and smokelessness. 

aiANAGEMENT OF BOH^EBS. 

91rins.-*In firing hard coal the grate bars should be such as to allow the 
. iMft possible amount of nn^nmt carbon or coaU to drop through before they 
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are fully consumed, and yet Bufficient draft area to consume the coal. The most 
economical firing, where buckwheat, pea or rice coal is handled and where the 
coal is not very high in ash, is to fire uniformly with a bed of coals not deeper 
than 3 ins. 

The skill of the fireman is shown by his ability to maintain the whole fire 
surface at a uniform color or temperature; dark spots or thin fire in spots indi- 
cate that he has not the control of the shovel necessary to distribute the coal 
e::actly where required for uniform combustion. A poor fireman will show bad 
corners where ash is allowed to accumulate, in this way reducing the available 
combustion surface of the furnace. Dark spots indicate poor combustion or too 
thick a fire, and open spots will decrease the draft possible to maintain. It 
requires less skill to fire a heavy fire ranging from 5 ins. to 6 Ins. thick, but the 
draft will be throttled and not sufficient air can pass through the fire bed to obtain 
total combustion, and the gases will pass off as CO instead of CO,, not com- 
bining with the last molecule of oxygen which increases the temperature of 
combustion considerably. 

It requires less labor and attention to maintain thick fires than thin ones, 
but the coal cost is larger for the same amount of water evaporated under the 
same boiler. It also should be borne in mind that s high draft 'gage does not 
indicate the best firing conditions, for the more the fire on the furnace throttles 
the draft, the higher it is possible for the draft gage to show, but the volume of 
air passing may not bo sufficient for complete combustion. A thin fire w^ill re- 
quire less slicing than a thick one, and there will be found less nnconsumed 
carbon in the ash as a rule. Cleaning the fires ought not to be done of tener than 
necessary to maintain the best firing conditions, and the fire should be jockied 
into condition to meet inoreasing loads on the station, and generally cleaned 
after heavy loads. 

from experience in testing and inspection of power stations it is found that 
there is no point in the station plant where more money can be saved than in 
the proiKr burning of coal. A poor fireman can waste many times his salary per 
year by lack of intelligent attention to handling the fire, Merit systems have 
been established in some plants, which rebate to the fireman a percentage of his 
savings in coal costs. 

Soft coal firing is generally done by first firing near the door on the dead- 
plate and allowing the heat of the fire to gradually coke the coal, expelling, 
from it the volatile part of the combustible. This is coked here and gradually 
shoved back to make room for new coal, and when it reaches the end of the grate 
it is almost entirely consumed. Lumps larger than 4 ins. in diameter should 
be broken up in order that this coking process may be properly carried on. 

Soft coal fires reach their maximum temperature at a more distant point in 
the draft than hard coal fires. It is necessary for the surfaces, over which the 
gases pass to be of higher temperature, in order that the nnconsumed carbon 
may be raised to sufficient temperature to combine with the oxygen and not pass 
oat in the form of smoke. 

The furnace arrangements should be such that the high temperature gases will 
not impinge against portions of the boiler unsuited to withstand them. The 
smoke passing out of the chimney from a soft coal fire is a criterion of the effi- 
ciency of its combustion. 

There are a number of arrangements for the fireman, by which he can determine 
the completeness of combustion. One is the Gas Composimeter, which indicates 
the percentage of C<? carried oil with the gasei in tbe flue, And register* «ut<miat- 
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Ically the amount of this gas present. The draft and dampers can be regulated 
to keep the carbon dioxide as high as possible, and aids in the correct firing of 
the boiler. 

Care of Boilers.— The followinjir rules are compiled from those issued by 
various Boiler Insurance Companies in this country and Europe. 

1. Safety Valves, Great care should be exercised to see tliat these valves 
are ample In size and in working order. Overloading or neglect frequently IcacTs 
to the most disastrous results. Safety valves should be tried at least once every 
day to see that they will act freely. 

2. Pressure Gage. The steam gage should stand at zero when the pressure 
is off, and it should show the same pressure as the safety valve when that is 
blowing off. If not, then one is wrong and the gage should be tested by one 
known to be correct. 

8. Water Level, The first duty of an engineer before starting, or at the 
beginning of his watch, is to see that the water is at the proper height. Bo not 
rely on glass gages, floats or water alarms, but try the gage cocks. If they do 
not agree with water gage, learn the cause and correct it. 

4. Cage Cocks and Water Gages must be kept clean. Water gages should be 
blown out frequently, and the glasses and passages to gage kept clean. The 
Manchester (Eng.) Boiler Association attributes more accidents to inattention to 
water gages, than to all other causes put together. 

5. Feed Pump or Injector, These should be kept in perfect order, and bo of 
ample size, No make of pump can be expected to be continually reliable without 
regular and careful attention. It is always safe to have two means of feeding a 
boiler. Check valves and self-acting feed valves should be frequently examined 
and cleaned. IFatiHfy yourself frequently that the valve is acting when the feed 
pump is at work. 

6. Low Water. In case of low water, immediately cover the fire with ash^ 
(wet if possible) cr any earth that may be at hand. If nothing else is handy use 
fresh coal. Draw lire as soon as it can be done without increasing the heat. 
Neither turn on the feed, start or stop engine, nor lift safety valves until fliet 
are out, and the boiler cooled down. 

7. Blisters a nd Cracks, These are liable to occur In the best plate iron. When 
the first Indication appears there must be no delay in having it carefully exam- 
ined and properly cared for. 

8. Fusible Plugs^ when used, must be examined when the boiler is cleaned 
and caretuily scraped clean on both the water and fire sides, or they are liable 
not to act. 

9. Firing, Fire evenly and regularly, a little at a time. Thin firing must be 
used where the draft is poor. Take care to keep grates evenly covered, and allow 
no air-holes in the fire. Do not clean fires oftener than necessary. W4th 
bituminous coal, a " coking fire," /. ;., firing in front and shoving back when 
coked, gives best results, if properly managed. 

10. Cleaning, All heating surfaces must be kept clean outside and in, or 
there will be a serious waste of fuel. The frequency of cleaning will depend on 
the nature of fuel and water. As a rule, never allow over i^in. scale or soot 
to collect on surfaces between cleanings. Iland-holes should be frequently re- 

. moved and' snzf aoea examined, particularly in the case of a new boiler, onUl 
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proper intervals have been established by experience. In water tube boilers, 
for inspection remove the hand-holes at both ends of the tnbes, and by holding 
a lamp at one end and looking in at the other, the condition of the surface can 
be fully seen. Push the scraper through the tube to remove sediment, or if the 
scale is hard, use the clipping scraper nvide for that purpose. Water through 
a hose will facilitate the operation. In replacing hand-hole caps, clean the 
surfaces without scratching or bruising, smear with oil and screw up tight. 
Examine mud-drum and remove the sediment. 

The exterior of tubes can be kept clean by the use of blowing pipe and 
hose throuo^h openings provided for that purpose. In using smoky fuel, it is 
best to occasionally brush the surfaces when steam is off. 

11. HH Feed' Water, Cold water should never be fed into any boiler when 
it can be avoided, but when necessary it should be caused to mix with the 
heated water before coming in contact with any portion of the boiler. 

12. Foaming, When foaming occurs in a boiler, checking the outflow of 
steam will usually stop it. If caused by dirty water, blowing down and pump- 
ing up win generally cure it. In cases of violent foaming check, the draft and 
ilres. 

Water tube boilers should never foam with good water, unless the water is 
carried too high. If found to prime, lower the water line. 

18. Air Leaks, Be sure that all openings for admission of air to boiler 
or flues, except through the fire, are carefully stopped. This is frequently an 
nnsuspected cause of serious waste. 

14. Blowing Off* If feed water is muddy, or salt, blow off a portion fre- 
quently, according to the condition of the water. Empty the boiler every week 
or two and All np afresh. When surface blow-cocks are used, they should be 
often opened for a few minutes at a time. Hake sure no water Is escaping from 
the blow-off cock when it Is supposed to be closed. Blow-off cocks and check 

'valves should be examined every time the boiler is cleaned. 

15. Leaks, When leaks are discovered they should be repaired as soon as 
jtossible. 

16. Emptying, Never empty the boiler while the brickwork is hot. 

17. Filling Up, Kever pump cold water into a hot boiler. Kany timet leaks 
and, in shell boilers, serious weakness, and sometimes explosions are the result 
of snch an action. 

18. Dampness, Take care that no water comes In contact with the exterior 
of the boiler from any cause, as it tends to corrode and weaken the boiler, 
lieware of all dampness in seatings or coverings. 

10. Galvanic Action, Examine frequently parts in contact with copper or 
brass, where water is present, for signs of corrosion. If water is salt or acid, 
some metallic sine placed in the boiler will usually prevent corrosion, but it will 
need attention and renewal from time to time. 

20. Rapid Firing, In boilers with thick plates or seams exposed to the Are, 
steam should be raised slowly, and rapid or intense firing avoided. With thin 
water tubes, however, and adequate water circulation, no damage can come from 
that cause. 

SI. Standing Unused, If a boiler is not required for some time, empty and 
diy It thoroughly* If this is impracticable, ilU it quite full of water, and put is 



ELECTRIC RAILWA Y HAND BOOK. 909 



a qnantity of common washing soda. External parts azposed to dampnaM 
should recelTO a ooatini: of Unseed oil. 

22. General CUanlinest, All things about the boiler room should be kepi 
clean and in good order. Negligence tepds to waste and decaj. 

BOHJSB WATBB. 

The character of water obtainable for steam making Is too important a matter 
«n station location and operation to be overlooked* both in regard to the cor^ 
rosion of the boiler and to the scale forming abart>ier between the heating anrfaoa 
and the water, reducing the efficiency of the boiler. 

The following waters are available for boiler uses : 

Bain water collected In the open country Is usually nearly pure, but la fht 
city it is objectionable because containing many impurities. 

Surface water Is usually well adapted for boiler use except that It Is usually 
turbid. This turbidity can be removed by settling tanks or fliten. It contatlUl 
a small amount of dissolved solids and Is low in carbonic acid. 

Subsoil water obtained from springs and wells Is clear, usually low IB 
mechanically suspended matter but high In solids in solution. In periods «f 
drought the soluble matter in subsoil water increases rapidly and water that 
will not give a troublesome scale ordinarily will cause trouble during a drought* 

Artesian well or deep water varies greatly in its character, even in a given 
locality. It is apt to be rich in dissolved solids. Iron compounds and sodium 
chloride are often present In such considerable quantities as to make the water 
unsuitable for boiler use. 

Waters of very high purity are liable to corrode the boiler badly, pure water 
having a corrosive action on the iron, either due to the carbonic acid or oxygen. 

Waters taken from marshes and where brought In contact with masses of 
organic matter are liable to contain acids, which when introduced into the boiler 
corrode it, due to the presence of this organic matter In the water. This water 
may be neutral to Iron at normal temperatures, but on raising the temperature of 
the water they may become active agents. Water of this character can be tested 
by heating with Iron filings or clean suspended Iron plates, and the precipitate 
can be noticed ; but It is to be remembered that a boiler that has scale on it 
already does not present an active iron surface to this organic matter. 

Corrosion in the boiler due to free acids may be overcome by neutralizing 
acids with an alk&li such as caustic soda or soda ash. Corrosion due to the de- 
composition of magnesium salt can be benefited by almost any of the methods 
adaptable to prevent scale. Corrosion due to dissolved oxygen can be material!, 
reduced by heating the feed-water before introducing into the boiler. The mag 
nesinm and calcium carbonates can be held in solution by carbonic acid precipi- 
tated when that acid is removed or noutralized. This may be accomplished by 
heating the water or exposing it In thin layers to the action of the air; or the 
neutralizing of carbonic acid may be brought about by the addition of slack-lime 
or calcium hydroxide, which converts the carbonic acid into an insoluble car- 
bonate precipitating both itself and carbonates in solution. 

The precipitation of calcium sulphate Is more difficult. This is soluble In 
water to the extent of 100 grains to a gallon, and is much less soluble at boiling 
point. This precipitation can be accomplished oy heat alone, but it must be 
under decided press are. Calcium sulphate is the most objectionable ingredient, 
as It forms a hard scale. One remedy is to use organic matters In the boiler 
which net by interfering with the crystallization of the tulphAte, und thnt 
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render the deposit in the boiler more easy to be removed. Bat the modern tend- 
ency is to nse a direct precipitating agent for calcium sulphate, such as trisodium 
phosphate and sodium fluoride ; these substances convert calcium and magnesium 
compounds into insoluble, floccolent precipitates, yielding also highly soluble and 
non-corrosive sodium salts. 

Crude oil, kerosene, soda; and tannic acid (many of the boiler componnds 
contain in gieater or less quantities these chemicals) are used for removing scale 
from boilers or making a precipitate of a muddy character, so that it can be blown 
off by the regular cleaning of the boiler. 

The engineer may make the following tests in order to determine roughly the 
character of water he has to deal with : Take a large, tall, clear glass vessel filled 
with the water to be tested; add to it, while stirring, a few drops of ammonia 
until the water Is distinctly alkaline— this can be tested by litmus paper— next 
add a little phosphate of soda, the action of which is to change lime or magnesia 
Into a phosphate which forms a deposit at the bottom of the glass. The water can 
then be filtered through a paper filter, leaving the precipitate in the filter, which 
can be weighed. This gives a relative idea of the quantity of sediment and scale- 
making material in the water. 

Water, which will turn litmus paper red before boiling, contains acid; and. 
If the blue color can be restored by heating, the water contains carbonic acid. 

If water has a foul odor and gives a black precipitate with acetate of lead it 
contains sulphur in various combinations. 

The hardness of water can be determined in the following way ; Dissolve 
castile soap in a glass of water and then stir into the water to bo tested a few 
teaspoonfuls of this solution; the matter deposited will show the comparative 
. amount of scale-making material contained in the feed water. 

The following chemical tests will indicate the character of the impurities in 
the water, by causing a precipitate : 

Carbonic acid is indicated by byrata water. 

Sulphates are indicated by chloride of barium. 

Chlorides are indicated by nitrate of silver. 

Lime salts are indicated by oxalate of ammonia. 

Organic matter is indicated by chloride of mercury. 

Heaters and Pmiflers.— As many of the impurities are removed by heat* 
ing water, water heaters act as purifiers. Magnesium and carbonates are thrown 
down out of the heated water in the form of scale on the heater surface. In the 
open heater the water is spread out in open pans and the exhaust steam comes 
in direct contact with the agitated water; the shell as well as the pans is gener- 
ally made of cast iron, as this is not as liable to corrosion as steel and rolled iron. 
There are a number of forms of this type of heater, involving the spraying of the 
water through which the exhaust or live steam is driven, and the water is allowed 
to settle in pans or troughs, where the precipitate of the impurities which will 
not stay in solution at these temperatures is thrown down. The heated water is 
held in a reservoir until taken from it by a pump into the boiler. 

In the closed type of heaters, the cold water is conveyed through a nest of 
pipes, around the outside of which the exhaust steam circulates. In some cases 
the steam passes through the nest of pipes surrounded by the feed water to be 
heated. 

The dimensions per horse-power for feed water heaters were rated as follows 
at a meeting of the feed water heater manufacturers : 

It was decided that a heater should be rated in horse-power for each H sq. ft. 
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of tube heating surface in the heater. The horse-power of the boilers at normal 
load was taken as the size of the heater, bat heaters larger than required give 
additional capacity to the )>oiler8 to stand sadden overloads. 

One of the principal points of constraction is, that sufficient flexibility be given 
the tubes so that leaks will not start, due to their expansion and contraction 
with changes in temperature. They should not bo contracted in the steam areas 
so as to create a back pressure on the engine; this can be ascertainetl by taking 
cards on the engine, exhausiing through the heater and then exhausted directly 
to air. The Icmperatare to wliich a heater raises the feed water is with exlianst 
steam less than 813 degs., and the temperature should be taken while the heater 
is delivering its full supply of water to the boilers. 



PISBCBNTAGB OF SAYINa IX FUBIi BT HEATING FESD- 
WATEB. STEAM AT 70 liBS. GAGB PAESSmUB. 
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The heater should be placed between the pump and the boiler, so cold water 
can be handled by the pamp. Hot water gives trouble in a number of places by 
eating and wearing the working parts of the pumps, so that they leak and the 
heater in this case has to stand full boiler pressure. 

Economizers —Here the flue gases pass around cast-iron pipes, containing 
the feed water, and the temperature of the water can be brought up to boiler 
water temperatuie. This form of heater removes the scale-making solvents from 
the water more effectively than heaters deriving their heat from steam. The 
construction usually employed consists of a battery of vertical cast-iron pipes 
connected with headers, which are large enough for both water circulation, and 
containing deposit from the water. The economizer is built into the flue, which is 
enlarged to accommodate it; a by-pass is also provided so the gases can be passed 
directly to the chimney, so that cleaning and repairing can be made without 
shutting down. 

The use of economizers increases the actual steaming capacity of the boiler 
and tends to hold the steam pressures constant. With varying steam demand! 



axa 



ELECTRIC RAILWA Y HAKD BOOK. 



fhef can ImproTO the efficiency of the boiler plant from 10 per cent to 18 per cent 
depending upon local conditions. Where placed in a plant already installed, they 
reduce the effectiveness of the chimney draft, and may from this cause decrease 
the ayailable heatinfc Talaeof the coal burnt; but with artificial draft they can 
be operated with undoubted economy. The soot and ashes should be cleaned 
by automatic scrapers from the tubes about one hour in twenty-four, depending 
upon the character of smoke passing through the economizer. 

The table herewith gives the results of tests on nine plants using mechanical 
drafts and economizers. 



TBSTS OF SCONOMIZISB Ain> MBCHANICAI. DRAFT PLANTS, 

SHOWING INITIAL AND FINAL TEMPBRATURIIS OF 

FLUB GASES AND FEED WATER IN DECS. FAHR. 
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BoUer Feedlngr Methoda.— There are several methods employed for feed- 
ing boilers, one by directly forcing water into the boiler by city water pressure, 
where the pressure is high enough to overcome the boiler pressure; others by 
injectors or high-pressure pumps, either steam driven, belted or electric driven. 
The relative economy of the different methods of feeding boilers is given in the 
following table. 

This relation does not show the true operating economy In pnmps as usually 
employed in street railway work ; for here the pumps, where steam driven, are 
run at a slow speed much under their maximum capacity to make np for steam 
consumption in the boiler, and they take as high as 160 lbs. of steam per 
hp-honr, under this method of feeding; and makes the showing of belt and elec- 
tric driven pumps 20 per cent to 86 per cent more efficient than steam driven 
pumps. With triple cylinder pumps, provided with by-passes so one or two 
cylinders can be thrown out of service to vary the water supply to the boilers, 88 
per cent to 45 per cent greater efficiency is secured over the steam driven pump, 
doing the same duty. 

The amount of watrr required by a battery of boilers Is usually taken as 8.8 
gals, of water per hp hour, or nearly \^ cu. ft. of water per hp-hour. Two inde- 
pendent methods are required to feed the boiler, the general arrangement is to 
use the injector and steam driven pumps. For boiler planta of over 6(X}-hp capacity 
two pumps are generally installed, each capable of taking care of the whole bat- 
lexy. Tho pvmpa ahduld be arranged, if possible, to take w ater fr om two aooroet 
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of Bmpply; It is adviMble to arrange a Btorage capacity to carry the boiler for 
twenty-f oar Jionra in caaa of breakdown, wh«ra tbt citj water tyalun it de- 
pended on. 

BELATITB KFFIC OCNCT OF TABIOUS MBTHODS OF SUPPLY- 
IKQ FBED WATBR TO BOIUSRS. 



Temp, of feed water u dtillTcrcd ta the pump 
or to the Injector, GO^ F. Rat« of evapo- 
ration of bolleT, 10 Ibn. of water per 1>>. 
of coal from and at 1213 dei^i. F. 
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Dliect acting pnmp leediug water atOOdena* without 
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Injector fe*?dii]E tbroujirli a beat«r In which the witur 
ta heated from 150 to 1*00 d*?|5*. . . „ „ , 

Direct ftctl Jiff pump fettling wnter through * heater 
in wbicb \\ H hentvd from CO to SOO dep*.. . ,.,,... 

Q«arad pump run from the eneiiie, feeding wattr 
ihrnngh a heater. In which it ih heated from m 
to 2(30 deg«. 

Geared pnmp run from motor, rTieoetatlc control. . . 

Goaied pnmp, 3 cylinders with hy-panm4 for rcj^la- 
tjoa.. ; „ 






.BOS 
.879 



.808 



.819 




1.5peroent 
8.8 •• •• 
12.1 •• •• 



18.f •• 

i6.a •• 



18.8 



FBED-WATEB PUMPS AND INJECTORS. 

The location of the pump where there it a natural head of water is one of 
conyenience and ehortest length of supply and dellrery pipes, but where the 
pnmp has to take water from a well the suction pipe should be as short at 
possible. In horizontal runs of pipe the pipe should dip toward the supply end 
at least ^ iii. in a foot to prevent an air trap, which will affect the proper working 
of the pnmp, and the foot valve and strainer on the end of the suction pipe 
beneath the water should be so large that the accnmolation of trash will not 
throttle the suction of the pump. 

When the pump is required to handle hot water, the water mutt be delivered 
to the pump by gravity. Hot water pumps give more trouble than those for cold 
water, and their depreciation is as much as 40 per cent greater in handling ordi- 
nary boiler waters, while with waters containing sulphur, they are a continual 
source of annoyance. Cold water should be forced into the heating tpparatut 
where possible. 

Injectors.— The injector is capable of feeding water into a boilot, if the 
water is under 100 degs. in temperature. The injector consists of a tubular brttt 
casting having three openings: the first one, A^ in Fig. 174, it for the delivery of 
dry steam from the boiler; the second opening, 2?, it the inlet for the water to be 
fed; the third one, /, oi)ening towards the boiler, is the one through which the 
feedwatwris to be forced by the steam. Tha injector operates npon the priii- 
ciple that a cunent of steam at high velocity will produce by suction a yacnnm 
which drawt the air from above the water in the supply pipe B\ when the water 
rises it it forced through the nozzle D: the tteam meeting the water from Ih* 
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8u:>ply pipe carries tho water with it. on account of the energy df impact and 
condensation into the boiler lif tin;? the check valve, //, to p^ain admission. The 
watwT is t jcrcrore iujectccl into the boiler hot. 

The injsctor is usually installed in railway plant? 
as an alternative method for feeding the boilers where 
pumps or other methods are used; bnt Its economy is so 
poor as a method of feeding the boilers that it is not used 
in regular soivice. 

Injectors may be placed either in a horizontal or 
vertical position. They work best where t'.ie buction id 
not over 20 ft., and should be located cs near the boiler 
as ];)03slble. It is the usual practice to supply an injector 
for each boiler or pair of boilers. Injectors work more 
effectively at low st'jam preasurcs than at hl::h, but 
should be adjustable to work at varying steam pressures. 

Steam Pumps.— A piston speed of 100 ft. per minute 
is the ordinaiy practice for a direct acting pump, but 
in a boiler feeding under heavy pressures, especially 
where hot water has to be pumped, a slower speed is 
advisable. The table herewith gives the sizes and 
capacity of pumps from 2 ins. to 13 ins.; this is the 
theoretical maximum amount that can be pumped, but 
on account of slippage and the leakage of the valves, the 
actual amount of water pumped will be less than that 
given in the table : 

THBORBTICAI. CAPACITY OP STEAM PUMPS: SPEED OF 
PISTON OB PliUNGEB 100 FT. PER MINUTE. 




Diameter of Pump 

or Plunger iu 

luchwS. 



Gallons discharged 
per Minute. 



16.88 
20.(37 
25.52 
80.88 

88.75 
43.18 
50.02 
67.42 

65.84 
73.76 
8r?.7 
92.14 



Diameter of Pump 

or Plunger i a 

Inches. 



Gallons 

discharged per 

Minute. 



102.0 
IIJI.O 
1;28.0 
135.0 

147 
172 
200 



961 
205 
830 



406 
450 
4 4 



In a duplex pump the number of gallons delivered per minute is fonnd by 
multiplying the displacement of one plunger by twice the number of strokes. 
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The direct-actinfifBteaiii pnmp is one in which the Bteam cylinder and watei 
cylinder are centrally in Hue with each other so that the water plonf^er and steam 
piston are connected to the same piston rod. This form of pamp gives the least 
first cost and occupies less space, but is perhaps the most wasteful and extrava- 
gant form, for the reason that the steam follows at full pressure throughout the 
sti-oke, getting none of the economies due to using the steam exiMinsivcIy. The 
duplex steam pnmp consists of two steam pumps of equal dimensions, placed 
side by side, and so arranged that the piston of each pump has a controlling 
moTement of the slide valve of the opposite steam cylinder. This allows one 
piston to proceed to the end of the stroke and gradually come to a state of rest, 
while during the latter part of this movement, the opposite piston moves forward 
in its stroke and also gradually comes to a state of rest; but in moving forward 
and before reaching the. end of the stroke, the slide valve controlling the first 
piston is reversed, and in consequence the first piston returns to its original 
position. These movements continue uniformly as long as steam is supplied to 
the pistons. 

When the boiler pressure is from 65 lbs. to 100 lbs., a gain of from 20 to 86 per 
cent can be made over direct acting cylinders by compounding. But for pumps 
handling the amount of water necessary for railway plants of 1000 horse-power 
and under, the economy would not be of sufficient import to warrant the 
additional expense of a compound pumping apparatus, as the total amount of 
steam required for feeding the boilers is about ^ of the output of the boiler. 

The table on the opposite page gives sizes of suction and delivery pii>e for 
piston speeds of 100 ft. per minute. 



FRICTION OF WATKB IK PIPBg. 

Friction loss in ])ounds per square inch for each 100 feet of dlfferent-sised 
iron pipe discharging a given quantity of water per minute. 



Gallons 


Inside Diameter of Pipe. 


MEite. 


IMin. 


.«.». 


2 in. 


^in. 


8 in. 


4 in. 


6 in. 


6 in. 


8 in. 


10 in. 


13 in. 


SO 
S5 
80 
85 
40 
45 

6a 

75 

100 

1«J 

150 
175 
200 
250 
800 
850 
400 
450 
6'0 
750 


4.07 
6.40 
9.15 
12.4 
16.1 
20.2 
24.9 
66.1 


1.66 
2.02 
8.75 
5.06 
6.52 
8.15 
10.0 
22.4 
80.0 


.42 














< 




.21 


.10 










































1.00 


































2.44 
hm 

9.46 
14.9 
21.2 
28.1 
87.5 


.81 
1.80 
8.20 
4.^9 
7.00 
9.46 
12.47 
19.C6 
28.06 


.85 

.74 

1.81 

1.99 

2.85 

8.8^ 

6.03 

7.76 

11.2 

16.2 

19.5 

25.0 

80.8 


.09 

".88* 

".69 

' 1.^' 
1.^9 
2.06 
8.C5 
4.73 
6.01 
7.4 J 


0.08 
0.06 
0.10 
0.16 
0.S8 
0.82 
0.42 
0.65 
0.94 
1.28 
1.68 
2.10 
2.70 
6.40 










".06 


















.10 






















.17 
.26 
.87 
.50 
.65 
.81 
.96 
8.21 












.07 
.09 
.12 
.16 
.20 
.25 
.68 


.06 
.04 
.05 
.06 

.or 

.09 
.18 


.01 
















.08 




















•08 










.04 










.06 

















2l6 



ELECTRIC RAILWA Y HAND. BOOK. 



DIAKBTEBS 8I7ITABI«B FOB SfTOTIOlT AJO) DBUTEBT PIPES 

FOB DUPUCX DIRECT- ACTING PUMPS t TIWION 

SPEBD 100 FT« PEB MENUTE. 



TateivCylinder. 


Suction-Pipe. 


Delivery-Pipe. 


Dlara- 
etfcT. 


Area. 


Diam- 
eter. 


Area. 


Velocity of 
Flow at 
100 Feet. 


Diam- 
eter. 


Area. 


Velocity 
of Flow 
at 100 ft. 


Xnclice. 

10 
12 
14 


12.S7 
19.04 

2S.27 
88.48 

80.27 
03.62 

78.54 
118.09 
158.98 


Inches. 

a 

4 

6 
6 

6 
8 

8 
10 
12 


7.07 
12.57 

19.64 
28.27 

28.27 
60.27 

50.27 
78.54 
118.09 


Feet, 
178 
156 

143 
186 

180 
126 

156 
144 
186 


Inches. 
2 
8 

4 
5 

5 
6 

7 
8 
10 


8.14 

7.07 

12.57 
19.64 

19.64 
28.27 

88.48 
60.27 
78.54 


Feet. 
400 
277 

224 
196 

256 
225 

204 
224 

196 



THIEOBBTICAI. HOBSE-POWEB BEQUIBED TO BAISE WATEB 
TO DIFFEBENT HEIGHTS. 



Gallons 
MGlJte 


60 
feet 


75 
feet 


90 
feet 


100 
feet 


105 
feet 


150 
feet 


175 
feet 


200 
feet 


2->0 
feet 


800 
feet 


850 
feet 


400 
feet 


25 
80 
85 


.87 
.45 
.58 


.47 
.56 


.56 
.67 
.79 


.62 
.76 


.78 
.94 
1.08 


.04 
1.12 
1.81 


1.09 
1.31 
1.53 


1.S5 
1.50 
1.76 


l.W 
1.87 
2.19 


1.87 
2.25 
2.62 


2.19 
2.62 
8.00 


2.50 
8.00 
8.60 


40 
45 
50 


.60 
.07 
.76 


.75 
.84 
.04 


.90 
1.01 
1.12 


1.00 
1.12 
1.26 


1.25 
1.41 
1.56 


1.50 
1.G9 

1.87 


1.75 
1.97 
2.19 


2.00 
2.25 
2.60 


2.50 
2.81 
8.12 


8.00 
8.87 
8.75 


8.50 
8.94 
4.87 


4.00 
4.50 

6.00 


60 
75 
90 


.90 

1.13 
1.85 


1.1-3 
1.40 
1.68 


1.85 
1,09 
2.02 


1..^0 
1.87 
2.26 


1.P7 
2.34 
2.81 


2.25 
2.81 
8.87 


2.62 

8.28 
8.94 


8.00 
8.76 
4.60 


8.75 
4.69 
6.68 


4.50 
6.62 
6.75 


6.25 
6.56 
7.87 


e.00 

7.60 
9.00 


100 
150 


1.50 
1.^.7 
2.25 


1.87 
2.84 
2.81 


2.25 

2.81 
8.37 


2.50 
8.13 
8.76 


8.12 

8.01 
4.60 


8.75 
4.69 
6.62 


4.87 
6.47 
6.66 


5.00 
6.25 
7.60 


6.25 

7.81 
9.87 


7.N) 
9.87 
IIJW 


8.78 
10.94 
13.18 


10.00 
18.60 
l&OO 


175 
200 
250 


2.62 
8.C0 
8.76 


8.28 
8.75 
4.ti9 


8.N 
4.50 


4.J7 

5.oa 

6.25 


6.47 

6.j:> 

7.S1 


6..'56 
7.50 
0.87 


7.66 
8.';5 
10.94 


8.75 
10.00 
12.60 


10.94 
li.50 

16.78 


18.12 
15.00 
18.73 


15.81 
17.60 
21.87 


17.60 
20.00 
2S.00 


800 
8j0 
400 
fiOO 


4.50 

6.26 
6.00 
7^ 


^.62 
0.56 
7.50 
9.87 


6.7n 
7.tt7 
9.00 
11J& 


7.ro 
8.75 
10.00 
12.60 


9.»7 
lO.U 
IJ.rD 
la.u2 


11.25 
18.12 

1\00 
16,76 


18.12 
16.81 
17.60 
21.87 


15.00 
17.50 
20.00 
S6UX) 


18.75 
•21.^7 
23.00 
81J86 


2^.50 
2ti.25 
80.00 
87.60 


26.25 

80.62 
&5.00 
48.76 


80.00 
8&00 
40.00 
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The preceding table glTes the actual water^bone-power. When aelectlng 
^ motors or pnmps, allowance most be made for pipe fHction an«l loss in the pnmp, 

CSftn belts, etc One foot bead equals .48 pound pressure to the square inch. 

Xlectrieany DrtToa Pomps.— ThefX) axe driven by being geared or belted 
' to • motor, the speed of which is controlled by a regulating rheostat The duplex 

o. triplex pumps, with heavy flywheels, give the best service, and have the 
^^best economy of all methods of boiler feeding. 

tr CHIMNIETS AND BBAVT, 

X %A erder to produce the rate of combustion necessary in the grate of the 

doLdi , air has to be forced or drawn throuj;h the fire at a greater speed than that 
ijauitwc by local differences of temperatures. The chimney may be used alone 
ytf ^^O.'cedor induced draft be employed. 
I 4iii« ;oound of coal requires from 13 lbs. to 16 lbs. of air for its combustion. 

.ftJUiiUaoi'bes require the least and bituminous more in proportion to their volatile 
^^JSisiiu^xta. For the best results in combustion an excess of air, over that 
cwco^iec ^frfmically, is desirable, varying from 18 lbs. to 84 lbs. of air depending 
tiuoii jiir ciiuracter of coal. 

X'he^troduction of this surplus air reduces the possible heat units attainable 
ii'um ct ii0'*?ent to 13 per cent of the heating value of every pound of coal, since 
2lu»^iu'uiu' ^ has to be drawn through the fire and heated from 00" to 600* 

*rao ur*n?ht in • chimney is produced by the difference in weight of the 
JOu gases av '•'•-' Chimney and tbo cold air outside, and can be considered as an 
ox. Jalanceot u vczted siphon with the heavy cold air on one leg attempting to 
^ , .'CE 'Ore '- e equilibrium by forcing air through the grate flrcN, fine and chimney, 

iucrrught is usually measured in inches of water, that is, with a U-tube partly 
Hiiedwith water, one end connected to tho draught to be measured and the other 
•nd open; the difference of water level will give the draught pressure in Inohea. 
I One Inch difference in water level means 0.577 ounces per sq. in. 

The chimney should be located so as to give the least length of flue ttam 
boiler to chimney, preferably in the middle of a battery of boilers. The foun- 
dations should be carefully proportioned and independent of any building 
foundations; and no connections of the breeching to the chimney should be 
made until the chimney is completely erected and settled down on its foon- 
Nations. 

Oonstmctlon of Brlek Chimneys*— The total weight of a brick chimney 
must be greater than the total wind pressure against it. Every square foot 
exposed of a square chimney should be designed to withstand a maximum wind 
pressure of 66 11 <i. per sq. ft. A hcxa{*onal chimney reduces this to 43 lbs.; an 
octagonal, 86 to 84 lbs. and a circular, 80.8 lbs. The circular is the best form for 
a chimney as it makes the best flue and is economical in material. Roughly 
the diameter at the base of a chimney should be ^ of its height. The following 
table gives the height and sizes for chimneys for difTeront horse-power of boilers, 
based on an assumed eva]>oration of 7 lbs. of water per pound of coal, or aa 
equivalent evaporation of 5 lbs. of coal per hp-hoar. 

The ratio of the cross section of a cMmnoy to the grate area Is usually takes 
as 8 to 1. J. J. De Kinder found that 73 ft. was the best height for free burning 
bitumlmooa' coals, 115 for slow burning bituminooa coilt aiid JM tolfiO ft»te 
^Ao anthracite coals. 
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OHIMNET DIMSNSIONS WITH COBBS:SPONI>INO UOBSK- 
POWERS. 



Area 


h 
¥ 


HSIOHTS IK FEET. 


Square 
Feet. 


75 


80 


83 


90 


93 


too 


110 


120 


130 


140 


150 


175 200 




COMMEHCIAL nORSB POWER. 


8.14 


24 
26 
28 
80 
82 
8t 
8S 
40 
44 
48 
54 
60 
66 
72 
84 
96 
108 
1^ 


73 

90 


122 


81 
95 
110 
1:^7 
144 
162 


1 


















8.69 


98 




















4.28 


114 
130 
149 
168 

188 


117 

las 

152 

171 
19i 
837 

287 


120 
187 
156 
176 
198 
244 
206 

mi 
445 
















4.91 
















6.59 


164 
185 
208 
257 
810 
870 
4&S 
6:7 
697 














6.81 


















707 


21 > 
267 
823 
8^4 
484 
600 
725 
86:3 
1173 












8 78 








279 
837 
400 
607 
627 
758 
903 
1229 
]r>84 
2038 










10 56 


















12.57 
15 90 










418 
626 
650 
784 
983 
1270 
1660 
210S 
9680 
























19 63 * 












672 
815 
969 
1319 
1726 
21R1 
2698 






23.76 














1044 
1422 
1859 
2352 
2904 




2S.2r 
88 48 
































50.27 
















1968 


63 62 


















2ftll 


78.64 


















3100 

























Allowance must be made where fines are longer than 60 ft., and height added 
to the chimney to make np for the loss in heat of the draft and friction. The 
table following gives the loss in effectiveness of chimney draught In per cent, 
which is due to long flues. 

BEDUGTION OF CHIMNEY DRAFT BT I^KO FI.UES. 

Totallcngthof flues in feet.. 50 100 200 400 600 800 1000 2000 
Chimney draught in per cent ICO 93 79 66 68 62 48 85 
Local conditions, such as adjacent hills, atmosphere ladened with moisture, 
elevation above the sea level, etc., reduce the theoretical draught; and ample 
a'.lowances should be made so that the chimney will be able to completely bum 
the combustible under the worst conditions, both of coal and weather, It is well 
to bear in mind that without proper draft all other boiler economies are futile. 

Iron Stacks.-~These are formed of plate Iron, lap or butt riveted, and made 
np in sections of convenient size. They may be made self-supporting with a 
flaring base, or may be guyed two-thirds of the way up with four or more guy 
rods or chains. They are usually lined with fire brick part of the way up. 

I^reeohlng^ and FlaeB.~The connecting flues between the boiler and 
chimney are preferably round, as that form presents the easiest passage for the 
gascj at the lowest Arst cost. All bends slionld bo made with an easy curve. All 
joints should be riveted and scaled with luting, moans being provided for 
cleaning. Where two flnas enter the main flue opposite each other, there should 
be a baffle plate interposed in the main flue between the openings to provcnt back 
drafts. The covering of flues with in.oulatIng covering that will resist the tem- 
perature will increase the effectiveness of the chimney. 
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Dampen.— Pivoted gates are iutrodnced into the flae so the draft can be 
controlled, depending npon the steam required from the boiler, and the main 
damper can be regulated aatomaticallj by the steam pressure, so that when the 
pressure falls the dampers open to produce greater draft. 

Mechanical Draft.— As the chimney is limited in capacity by its dimen- 
sions and weather conditions, mechanical methods of producing the flow of air 
through the furnace have been adopted in a number of railway plants, with 
economy in first cost over an equivalent chimney, and giving greater and more 
readily controlled draft. By this means the boiler can respond readily to ad- 
ditional demands, and the rate of combustion on the grate can be carried beyond 
that possible to be obtained from natural draft only. 

Induced Draft.— A steam jet may blow up the stack, Inducing a draft. 
This method, while being the most economical in installation, consumes from 
8 to SO per cent of the steam made by the boiler to produce the required draft. 
The steam introduced into the hot gases reduces their volume and eHectlveness, 
and such an arrangement is so noisy that very few power stations are so located 
as to be able to use it. 

In mechanically Induced draft systems a fan is introduced between the 
boilers and the stack, which draws the air through the fire and boiler, and ejecta 
it from the chimney. The fan can be operated by an electric motor or an engine, 
whose speed can be controlled in order to vary the rate of combustion in the 
furnace to meet the required steam demand. By having a controllable air 
supply, complete combustion and consequently greater evaporative results from 
the coal can be obtained at a cost of 1 per cent to 4 per cent of steam from the 
boiler. 

Forced Draft or Flennm Method.— This may be accomplished in two 
ways : first, by making the ash pit practically alr-tl-ht, and forcing into it suf* 
ficient air for combustion; or second, a method only practicable in stcambhips, by 
making the fire room air-tight, maintaining sulUcicnt air pressure in this room 
to produce the required draft The first method, which is applicable to street 
railway boiler rooms, does not give the results in practice of the induced draft, 
and subjects the fireman, where hand firing is done, to considerable heat on 
opening the fire doors. The test carried out on the steamer, n. M. 8. Po'yphcmus, 
gives comparative results between the forced and induced method as follows: 

BBSULTS OF ISXPFBIMENTS AT POBTSMOUTH DOCK TABr 
WITH BOILEBS OF H. M. S. POLYPHBMUS. 



§1 

\i 

S B 



Temper- 
ature. 



§2 
« . 

•=1 
11 



k 

u o 

h 



Lbs Water 
Evaporated 
per lb. Coal. 



OfCJ-*-* 



Lbs. Water 
Evaporaled 
per hour per 
Bq.FcOiate 



I- 



Induced 
Forced 



74.2 
77.8 



6I0 



69.9' 
49.8< 



80,600 
94,500 



777,044 
759,338 



9.64 
8.03 



11.18 
9.3 



40.4 
47.3 



881 



450.4 
444. 
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THE STEAM ENGINE. 

Th* iteam engine, to neoMsfiilly maintain potential on a street xalhnqr 
Vyetem at maTlmnm economy, most poee e sa f oatnres which lit it jMirtlcnlarly for 
that work. Increasing the number of car equipments aycragcs out the character- 
istics of the indiTidual equipment, as the character of service chanses with tlie 
number of equipments. The engine will he considered with rc£:ard to its eco- 
nomical performance, regulation and maintenance in connection with the follow- 
ing demands: S<X«ar road, 8!M»ir road, CO-car road, 150-car road, and SOO-^ar xoad 
and orer. 

TTith 20 cars the rarlatlons are large and rapid, and an engine, which will not 
respond readily to an increased load, drops the potential on the system, and 
retards the acceleration or speed of all cars operating, thus decreasing the posnible 
external efficiency. It will be seen that the slower the initial speed of the engine, 
the larger the yolume of steam that is taken at each stroke in order to give the same 
horse-power. In the Corliss type of engine for small roads, the load can vary 
much more rapidly than the governor can control the steam, and this rapid vari- 
ation throws strains throughout the engine in the interchange of power between 
the flywheel and piston. The greater the inertia of the flywheel, the longer will 
be the period required for the governor to respond to the changing demands. 

The flrst cost of a slow-speed engine, where direct-connected to the generator. 
Is higher than that of an equivalent high-speed engine. The economy of the 
Corliss type of engine has often been judged for railway work from its full load 
efficiency, whereas carrying efficiently loads of one-half to threo^uarters full 
load is required for this class of power station service. Consequently the adapta- 
bility of engines to the different character of loads found in the various railway 
stations must be carefully considered, in order to determine what class of englna 
will give the best average economy. 

In determining this for a new road where the equipment is fixed, the con- 
stants for the equipment should be determined for grades, speeds and loads. 
Where mixed equipments are used, the data should be based on the largest 
equipment where the traffic ever requires their use over the entire system. In 
determining the current and potential required and the size of the unit for a new 
railway, the following points have to be borne in mind: The operation of the 
equipment under large lino drops requires a greater current delivery, as its speed 
fdlsoir on account of loss in potential on the line; allowance must be made in 
the size of the operating unit to make good all these losses without exceeding 
the allowablo overload on the unit Ilcnce in collecting data for the purpose of 
accurately proportioning the engine and generator to the load, the current re- 
quired by the equipment under maximum and mean transmission losses should 
bo determined. 

The greater the number of cars, the nearer the average load becomes a con- 
stant load, varying only with the number of cars in operation. Approximate 
results can bo dctcnnincd by referring to the curves in Fig. 173, which liave been 
based on tests of roads operating equipments of two TVcstinghouflo 13-A motors, 
with a 88 ft car body and E-10 controller, the total equipment weighing 22,000 lb«* 

£flect of Grades on Bng^e lK>ads.— The physical eonditions of the road 
are reflected immediately on the engine demands. Curvet given herewith, 71^ 
ITS, show the relation of the maximum and mean demands on the engine f or roadi * 
of from one car to fifty, and for thrco characters of roads, one posMMlng hMfy 
grades, one moderate grades and one on level road. 
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Tho effect of moderate gradcg below 8 per cent is to lacrcaoo the etarting 
current on the equipment, but tho effect of the stored energy in tho equipment lu 
climbing such a ^rado I3 not fully recovered on the drifting of the equipment 
retuminjj on this grade. The effect of a grade, averaging approximately between 
8 per cent and C/^ per cent, will reduce tho ratio between averac;e and maximum 
current demands but increases ihc maximum demands, due to starting and carrjing 
the equipment up tho grado. la grades above A\^ per cent the maximum and 
average demands per equipment are both increased. 



u i uiunin4MU-ii-MHinH^nn i nnnHMihTnTn i Tnni i ni[ i iHii4i 







MINUTES 



m 



NORMAL LOAD AT 6 (TCiJOCK 

Fig. 176.-~cnByB sHOwmo yabiatiow ov deicand on station. 



M 



lu order to determine the effect of the grade on the required ontpnt of the 
power station, tho proHle of the road is required, from which is determined 
the time from the schedule when the equipments require their maximum demand 
on tho power station. It is very important iu improvements in a power station 
for roads with 2C cars and under, or in a new station of the same capacity to 
have the average dully schedule carried by one engine, and to have this engine 
rated at maximum eQcicncy at about llve-eijhths to three-quarters of its maxi- 
mnm ioad. For roads in operation, tho proper unit for maximum cClcicncy can 
be determined by tho main ammeter readings. For fixed schedule on a 80-car 
road and under there will bo found on tahing minute readings, a cycle of changes 
which arc periodic in character, depending upon the proHle of the road and the 
coincidence of equipments requiring tho maximum demand at the same time. 
This is espocially marked in a single track road with turnouts. 

Maximnin Engine Ef&cicncy.— Supposing a report from several daily 
observations, taken under different track aud weather conditions^ or estimated 
from the profile of the road and known equipment demands, showed •▼ariatioa 



ELECTRIC KAILWA Y ITAND BOOK. 



MS 




like that in Fig. 17G, it Is easy to see that here the maTlmnm load obtained is 
420 hp, the mean average load is 235 hp. For one unit to carry this service con- 
tinually, the point of maximum eOcicncy of the engine should be 800 hp, and 
the maximum caiwcity of the engine 5o0 hp, including an overload possibility of 
25 per cent, and the circuit-breaker set for this number of amperes. The ad- 
ditional load, caused by passengers at 7 a. m. and 6 p. m. and for days of special 
demand, will be much more profitably carried by an auxiliary unit than to operate 
two engines for tha whole day, increasing the depreciation of the plant while 
neither engine would be using steam ecouomically In the cylinder, and the friction 
losses would be doubled. 
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PlO. 177.— BTBAK CONSUMPTION TOR SIFFIRBNT LOADS ON XNGIKS. 

In one test made by the author on a 32-car road, operatiug two Corliss 
engines, the operation required 62.3 lbs. of steam per kw-hour and both engines 
had a mean load of % full load; with one engine carrying the whole load, the 
steam consumption fell to 42 lbs. per kw-hour. The commercial value of this 
change to a single engine effected a saving in coal and oil sufficient to pay for 
all the power station labor. 

Tarying of Efficiency -with lH>ad.— When the load on an engine Is 
reduced much below the rating, the friction per cent Increases and abo the 
cylinder condensation. The aggregate looses are shown In Tig. 177, as given by 
Prof. B. C. Carpenter, on a single non-condensing engine, 14 ins. x IG Ins., 120 lbs. 
steam pressure, 210 rcvx)lutions per minute. 

While, In the 20-car to 80-car road, llio number of equipments averages out the 
rapid maximums, the speed of the engine should still be moderate. With from 
85 to 60 cars the question of the type of engine is varied by the chamcterlstlcs of 
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the road, as both high speed and moderate speed engines have shown about the 
same gross economy. The gross economy inclndes the cost of prodactlon, as 
well as fixed charges against the power station property; this is treated as a 
factory selling its product (current) at a cost which will cover every expense of 
o;)cration, maintenance, depreciation, interest, taxes and insurance, and that 
proportion of executive expenses that the cost of the station bears to the whole 
property cost. With more than CO cars the conditions of load become one where 
the engines can be worked at a slightly varying load from 80 per cent to 60 per 
cent of full load; and with their maximum efficiency between these points. 
Every means taken to increase the economy of the plant should be reflccCed in 
the operating costs per kw output in power plants of this size. 

Becords of the performances of diHerent types of engines under railway 
loads have been obtained from the average of fifty-six tests taken on the basis of 
a four-hour and twenty-hour run, which arc the average periods of seivice for all 
day operation and overload periods, and are tabulated below. 



NoN-CoNsnrsxMo Engines. 


Lbs. of Conl 

per Indicated 

HP-Hour. 


Tons (2,000 lbs.) per 
HP per year. 




Day, 20hrs. 


Day, 4 hrs. 


Simple, High Speed, Slide Valve, average. . 
Simnle Corliss, averaire 


4.71 
4.52 
a.46 
8.00 
4.09 
8.91 

8.18 
2.22 
2.41 
1.80 


17.19 
16.49 
12.62 
10.95 
14.92 
14.27 

11.60 
8.10 
8.79 
6.57 


8.44 

8.90 
2.52 


*» •♦ best 


2.10 


ComDonnd Slide Valve, averasre ......' 


2,98 


♦* *• best 


2.86 


CoNSEKsiNO Engines. 
Comoound Slide Valve, average 


2.32 


'* '* ** best 


1.03 


Comnound Corliss, average 


1.76 


»» ♦» best 


1.81 







The tests on the engines show the value of the condensing type to a plant, 
but in the comparison between the Corliss and compound-condensing engine the 
loads oil the Corliss tested were more favorable to economy than the loads on the 
compound-condensing moderate-speed engine; and, if the question of interest on 
first cost, oil and attendance were Included in the aggregate expense of ox)eration, 
the outcome will be in favor of the compound-condensing moderate-speed 
engine. 

The tandem-oomponnd, from the results of observation, gives the best remits 
in stations under the 85-equipment class, both condensing and non-condensino", 
. and the cross-compound for stations of the larger classes show good economy 
nnder operating conditions. 

The elements of the economy of the Corliss valve gear have been introduced 
in moderate speed engines, giving this type of engine an additional economic 
value in railway work. One station has shown under mixed load SOO watt-hoon 
output per lb. of coal nnder constant operation, using this type of engine. 

The general classification of engines in regard to use of steam in cy linden if 
bMed on the number of expansions through which the steam passes in the engine. 
In the simple engine there is only one expansion; this may be of the high-speed 
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or low-flpeed Corliss type. The compoand engine nses steam expansively throagh 
two cyllnden, which may be arranged in tandem, or the engine may be cross- 
componnd, having one high and one low pressnre cylinder on separate cranks 
90 degs. apart, or the three cylinder compound engine where the first exiMinsIon 
takes place in the high pressure cylinder and the second expansions in two low 
pressnre cylinders. The donble tandem compound engine consists of two tandem 
compoand engines, conpled to the same shaft SO degs. apart. 

The cost of an engine for any given power increases with the namber of 
cylinders and expansion stages, bat the economy of engines, with approximately 
constant load, increases with the namber of expansions, providing the steam 
presBore is raised for the proper economy of steam throngh these expansions. 
So, in estimating the most profitable engine to procure for a given condition, the 
following values have to be balanced against each other; the interest on first 
cost, depreciation, cost of oil and attendance. The engine should be so selected 
that, with the road under consideration, it would bring the lowest interest charges 
on the cost of the boiler plant, and the least cost on coal and water consumption, 
the coal being the largest item, bearing abont one- third to two-thirds of the total 
cost of i>ower production. Only with very cheap coal and water and vailabla 
duty, will the simple high-speed engine show an economy of operation. 

BlTislon of Units.— The power station requires a duplicate set of enginw, 
and in 20-car roads and under the stand by investment is large. The advisable 
division Is usually as follows, the sizes of engines being selected to fit the gens* 
rators as manufactured for railway work: 

200 Horse-power Kaximmn. 9- SOO 

800 •• «• •• »-800 

400. " « •• 8-200 

800 •« " •• 8-250ori-175 

MO •* - « &-800 

800 •• " •• 8- 400 or 4-800 

1000 •* « •• 8- 600 «• 4-850 

1200 •« «• •* 8- 600 •• 4-MO or 6-300 

1500 •* •• « 8- 750 "4-600 

2000 •• •• •' 8-1000 •* 4-750 

In a road requiring more than 2000 horse-power, the division is limited by the 
size of the units which the market supplies; by combining, however, several size; 
of units the greater factor of overload can bo purchased for the least cost. Ther*. 
are several advantages in having a system of power units all of the same type, as 
they operate together and the engineer can experiment on them to determine how 
to get the best results in operation, but in long roods with few cars a small unit 
can often be used during the end and beginning of the schedule of each day, with 
a saving that will warrant the expenditure for this smaller unit 

Sfechanlcal Strains.— The mechanical construction of an engine must give 
ample strength to the parts in order to withstand straining on overloads, and 
when the circuit-breaker opens. Engines built for factory service, especially of 
the slow-speed type, do not reqniro the strength of parts of the railway engine, 
and to use that typo of engine for railway work has led to a high rate of depred- 
ation thereof. All parts subject to reciprocating strains have to be strengthened, 
and the engine is classed under the heavy duty type. Where A great seotion of 
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metal is pat in tlio frame of the engine, the piston-rod, connecting-rod, shaft and 
crank bearings are increased in size, and the flywheels should be fonstracted on 
different principles from those employed for factory loads. 

Rotary and Piston Speeds.— The table on page 208 gives the revolution per 
minute and piston speeds of a number of types of engine, direct-connected to 
generators for railway and lighting work. 

The following table gives the average approved revolutions per minute for 
railway engines: 

fiOOkw... 135 r. p.m. 

1000 kw 100 r. p.m. 

9000 kw and up 75 to 70 r. p. m. 

BIMENSION OF £XGIKS PABTS. 

Clearances allowable with liigh-speed engines, with valves providing relief 
for entrained water vary with the size of the engine. The clearance volume bears 
no ilzed relation to the total steam volume in the different engines for railway 
work, varying from ^ ins. to % ins. in the diSerent sizes and types of engines. 
The clearance on the crank end is greater to take up the wear on every working 
joint between the piston and crank-pin; this allowance is generally ^ in. for 
each joint. There are several methods for cutting down clearances, which have 
to be filled with steam at every stroke without doing useful work. One is to have 
the valves raised off their seats to allow relief for entrained water. Engines of 
this type have operated with 8 per cent clearance without trouble. Another 
method is to introduce pop valves, opening into the clearance spaces to relieve 
the entrained water. Still another method is a diaphragm placed so that it will 
be broken open when the pressure reaches 100 per cent over the maximum steam 
pressure. 

Cylinder Walls,— ^m railway engines the bursting stress on the cast-iron 
cylinder walls should not exceed 2500 lbs, , 

Cylinder Heads.— Tha thickness of the cylinder heads vary with the diameter 
of the piston. 10 ins. diameter averages on a basis of 100 lbs. unbalanced 
pressure .68 ins. ; 80 ins. diameter, 1.48 in. ;■ 60 ins. diameter, 2.80 ins. An old rule 
is to make the cylinder head l\i times the thickness of the walls. Webbed heads 
should give equivalent strengths. 

Cylinder Head Bolts.— "^o bolt smaller than % in. should be used in cylinder 
heads. They should be spaced ut a distance of about four or five times the thickness 
of the flange, and the strain on them should not exceed 6,000 lbs. per sq. in. for 
steel and 4,500 lbs. for wrought iron. The nut should engage threads to a greatec 
depth than the diameter of the bolt under thread. 

PisUn Head,— -The general rule is that the thickness of the piston head la 
equal to >/ length of stroke x the diameter of the piston. Piston packings 
should be made approximately 1 per cent larger than the diameter of the cylinder 
and sprung into place. A section of ring is usually ^ of the diameter of the 
cylinder plus ^, and forwidth ^i in. is added to the thickness. 

The fit of the piston rod into piston is usually made by a combination of a 
straight and taper surface, the taper being about 8 ins. to a foot, which is drawn 
up to a shoulder by a nut. The strain on the bottom of this nut abould not 
exceed 7,000 lbs. per sq. inch for steel and 6,500 for wrought iron. 



ELECTRIC RAIL WA Y HAND BOOK. 



327 



Diameter of Pitton Jiods.— The average diameters of piston rods for railwijeii- 
gineeshonld be at least X y^ Maximum worliing pressnre-f 15. 

Piston Rod Guides.-^the pressure on the lubricating surfaces of piston rod 
guides should not exceed 850 lbs. Thurston gives the following value: The 
product of the relative velocity of the two surfaces in feet per minute of the guide 
multiplied by the maximum intensity of pressure should not be greater than 
60.000. 

Connecting' Rod.^The ratio of the connecting rod length to stroke varies 
from 2:1 to 2^:1. Some of the more modem engines for railway work show 
slightly less than a 2 to 1 ratio, but this increases rapidly the wear on cross-head 
guides and friction surfaces; and with small clearances railway experiences 
certainly dictate longer connecting rods, even at a sacrifice of floor space in 
horijsontalf and head room in vertical engines. 

Crank Pin.— The pressure on a crank pin should not exceed 600 lbs. per sq. 
in. projected area or its length of bearing surface by diameter of pin. The crank 
pin is preferably made part of the crank arm or disc In station engines the 
crank pin should be an integral part of the crsnk arm. 

Engine Shaft,-^\^^^ direct-connected units special conditions arise which 
throw strains on this shaft not encountered in belt driving. As an armatuse 
gradually falls out of alignment, due to the wear on the main shaft, the magnetic 
field is disturbed and an unbalanced pull occurs due to the smaller clearance on 
the lower part of the armature; this for an ^ in. difference in a 800-kw machine 
throws an additional pressure on the bearings of 21,400 lbs. approximately. Often 
when the bearings commence to heat in a direct-driven unit that has previously run 
smoothly, this is the place to look for the trouble. This can be found electrically 
by taking off the brush connecting cables with brushes down and fields excited 



SIZE OF STEEL SHAFTS FOB DIBECT-CONNECTED UNITS* 



Kw Output 
675 Volts. 


Rev. 


Size of 
Shaft. 
Inches. 


Rev. 


Size of 
Shaft 
Inches. 


Rev. 


Size of 
Shaft. 
Inches. 


100 
150 


275 
200 


^ 










200 

aoo 


200 

150 


^^ 


150 
120 


U« 


100 


16 


400 
600 


150 
120 


16 
18 


120 
100 


18 
18 


ICO 
90 


18 
18 


660 
800 


flO 
120 


20 
22 


100 


22 


80 


» 


1000 

laoo 


80 
80 


25 
27 










1600 
2000 
2400 


75 
76 
76 


27 
30 
80 











and the generator running; if the field is distorted, due to unbalanced magnetle 
circuit, and the field winding is in good condition, a voltmeter will show higher 
voltage between those brushes bridging pole pieces which are too close to the 
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annatare. Boxes for ihafts of direct-connected nnits should all be adjustable 00 
that the generator can be re-allgned to make np for wear thereon. The propor- 
tions of the shaft depend on whether the generator is overhung or provided with 
oathoard bearings; both methods of connection have been nsed and given satis- 
faction on railway loads. The overhung armature requires less floor space than 
that with outboard bearing. With a belted engine the outboard bearing is usually 
used. There is a tendency for a shaft beyond the engine to be deflected on 
account of the pressure on the crank pin. The sizes of steel shafts given on page 
200 are advised for generators of 576 volts. 

Engitu £fartn^s,—Engiae practice shows weight of bearings for direct- 
driven units as high as 400 lbs. per sq. in. of effective bearing surface; the belt- 
driving engine, 151 to 875 lbs. per sq. in. The length of the bearings on overhung 
armatures is 2)^ times the shaft diameter and 1^ times the shaft diameter with 
outboard bearing. Automatic, forced oil circulation has a great value in carrying 
away the heat from these friction surf aces; some engine makers Introduce pipes 
into the pillow block casting through which water can be circulated In order to 
reduce the temperature. The character of shaft metal and the boxes in which 
they run should produce a glass surface and one on which the lubricant can 
reduce the friction coefiicient to the lowest point. 

^fy »^A^r/*.— Armatures do not give sufllcient centrifugal force to steady the 
engine and the drag of the armature through the fleld tends to make it behave as 
a brake wheri. An additional flywheel is necessary. While there is no case 
known of the bursting of a solid flywheel run on a high-speed engine, those on 
slow-speed engines have been wrecked, due to several causes. Where governor 
balls have been nsed for regulation in railway loads, the collar is continually 
working up and down over a narrow band with the result that at some time, if 
this point is not given particular attention, the governor will stick when the load 
goes off, and the engine will commence to race, or the safety stop may be out of 
order. A slack governor belt will let the engine run ahead of its rated speed. 
On examinations of flywheel explosions, where proper care has been taken of Che 
engine, the failure has been due to two causes: one, the structural weakness of 
the flywheel and the other its location. The structural weakness occurs where A 
rim speed of 6000 ft. per minute and under and no greater strain on the rim 
section than 6000 lbs. per sq. inch is allowed. In the segmental form of casting^ 
used where the spokes are cast directly to the rim, the fractures found on investi- 
gation show a very coarse grain at the f lacture between the spoke and the rim. 
This would be due to shrinkages taking place between the rim and spoke, produc- 
ing a character of metal here which has less than the calculated tensile strength. 
Built-up wheels should have the spoke and rim of seimrate castings, if possible 
for slow rotative speeds, or the rim maybe built npof sheet Iron; wire-wound 
flywheels have been used with success. 

The wheel pit has often been made with small clearances between the wheel 
and the masonry of the foundation, and in two coses the driven pulley fractured 
flrst, the parts were drawn into the wheel pit and jammed under the flywheel and 
the engine wrecked. 

The maximum diameter of flywheels of cast-iron allowable for railway work 
should not exceed the following flgures for 6000 ft. peripteral velocity; 

80 Bev. per minute 83.25 ft. in circumference. . . . .96.5 ft. in diameteik - 

100 " " 65.6 •* *♦ 17.7 " »• 

160 •• •• 41.67 " •• 18.8 ** •• 

»a •• •• 81.96 " •• M •• •• 



•BQ •• •• 98.78 •• • ..... t4 •• •• 



n 
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ENGrNE TESTING. 

ITrlction Iiosses.— Friction tests can be made on an engine, direct or belt- 
connected to the generator, as follows: 

To test the bearing friction disconnect the connecting-rod from the crank-pin 
and Bccare it out of the way of the rotating crank. With a belted generator, the 
(;Gnerator can te forced back on the belt-tightener guides and the belt supported 
.irvay from the pulley. If there is a spare unit, this generator can be started np 
Vy connecting in parallel with the spare unit, when it is standing; still; then start 
up the spare unit, and the generator will follow as a motor in speed with it. 

The current and volts required to run this generator free as a motor at full 
speed can be determined ; then the motor can be belted np to the fly-wheel of the 
engine and readings again taken, when the full speed of the flywheef has been 
reached. The difference in watts between the two readings will be the additional 
friction on the motor bearings due to belt tension, the belt losses and the 
friction of engine bearings. 

The next test will require the valve chest being opened and the valves lifted 
from their seat, and the connecting-rod re-connected; then the watts required to 
run the engine at full speed this way will include all engine frictions except valve 
friction; subtracting the motor losses from the watts obtained will give the gross 
engine and transmission friction. 

With a direct-connected generator the manufacturers usually can supply the 
figures for the current required to run the generator free, and this subtracted 
from the watts read in the above tests will give the bearing and engine frictions. 

Prof. Thurston gives the following division of friction in a straight line 
engine, 6 ins. X 13 ins. balanced valve, No. 1, and 6 ins. x 12 ius. unbalanced 
valve, No. 2. 



Main bearings 

Piston and rod 

Crank-pin 

Cross-head and Wrist-pin. 

Valve and rod 

Eccentric strap 

Total 




In a compound condensing test, from 1 to 102.6 hp. gave friction horse-power 
varying from 14.93 to 17.42. The friction of belt-driven engines increases faster 
than direct-driven en$<:ines due to the belt tension reacting on engine bearings, 
but it is usual to call the friction load constant. In some slow-speed engines the 
friction has been found to fall slightly with increasing loads and this may also be 
noticed in some direct-driven compound generators, in which the field pull tends 
to raise the armatures from the engine bearings. 

Bngrlne Indicators.— The indicator is an apparatus for graphically record- 
ing the action of steam in the cylinder of the engine. It3 operation is as- follows : 
Cylinder A^ Fig* 178, on which can be secured the jMiper for the record is so 
connected to the reciprocating parts of the engine, that It follows exactly the 
movement of tho piston in the cylinder to and f ro» A pencil, or stylus, C, Is 
•nasged^n the «nd of a ley«r^ w^d^isjij^ted in ft straight lino by the praseiin 
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of the steam in the cylinder of the en<^ne. The movement of this piston is con- 
trolled bjT A calibrated spring, /?, which moves the stylus, C, in proportion to the 
steam pressure of piston, D, The steam is admitted to the bottom of piston D 
through the inlet, E^ which is connected to the steam pii^cs from the ends of the 
engine cylinder. These two pipes meet in a three way cock, which can introduce 
steam from either end of the cylinder to the bottom of indicator piston, or can 
close both steam entrances and open the bottom of the indicator cylinder to 
atmosphere. The piping should not be smaller than y^ ins. in order that there be 
no throttling between the indicator and the steam in the engine cylinder. 

Analyst* of the Indicator Card.—Ki A^ Pig. 179, will be found In a dotted 
line a loop projecting above the steam line; this indicates that the exhaust vulvo 
closes too soon, and the steam, entrapped in the cylinder on compression into the 
clearance spaces, exceeds the initial pressure. At B is indicated a clean cut-oif. 




Fig. 178.— sbctiow o» iksioatob. 



/^will be a compromise for high speed simple engines, while C probably shows 
too small steam pipe connection between engine and boiler. A wavy line like />, 
will indicate two things: either an imperfect valve or friction in the indicator 
interfering with its correct action. 

From the indicator card the mean effective pressure exerted on the piston as 
it sweeps through the cylinder can be computed. 

In Fig. ICO, the atmospheric line A' BH% line drawn by the pencil of the 
indicator when the connection with the engine is closed, and both sides of the 
indicator piston are opened to the atmosphere. The clearance line C^ isa 
reference line, whose distance from the end of the dia.'^ram^ ATbcars the same 
ratio to AT i? as the clearance and waste-room volume bears to the total volume 
which is swept through by the piston. C /? is the line of boiler pressure drawn 
paraUel to tbe atmospheric line ^ ^ at the same pressure scale as the diagram, 
The steam line EFiii drawn at the the time when the piston is subject to the fuA 
Initial piessue, ]fV>Uowin|;iiUMexpMisioiicarro, /'to Cr, point ori«l«M6i<^ 
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exhaiut line G H^ back pressure line, ///, and point of exhaust dosnre, /• Tht 
oomprcsBion line //, shows rising pressure, dae to the oomnressloii of the itaaa 
reinftlTtfn,T in the cylinder after the exhanst ralve has closed. / R shotrs rise of 
pressure, due to admission of steam to the cylinder by the opening of the steam 
yalye. 

The mean effectiye pressure is represented in Flj;. 180 by the mean height of 
the line E JPG IT above // //. To determine its value from the dia<:ram« Ci viJIc 
the ]Gn:;th KB into ten equal parts and from the center of these divisions, erect 
ordinatcs, as shown in Figr. 180, perjtendicular to line KB, If the length of these 
ordinatcs ^rhlch are enclosed between the sides of the diagram are measured by 
the steam pressure scale for the indicator spring used, and these lengths added 
together and divided by their number, the result will be the mean eiloetiTe press- 
ure. This is illustrated in the calculation on the diagram. The area can also be 
found by a planimctcr or other means, and dividing the area by the length KM 
will f;ivo mean height. 

Havlus determined the mean eifective pressure, the horse-power of engiaM 
can be determined by use of table and formula on page 21S. 

Ideal curves for different types of engines are given in Figs. 181 to 189. 




FlO. 180.— METHOD or OALOXJLATIKO XEAIT EITXOTIVX PnXSSVBS. 

Combined diagramt of Compound Eng^t'nes.—The only way of maliicp; n cor- 
rect combined diagram from the indicator-dioj^rams of the several cylinders 1:\ r. 
compound engine is to set off all the dlap:rams on the same horizontal scale €> 
volumes, adding the clearances to the cylinder capacities proper. When this i . 
done, the successive diagrams fall exactly into their right places relatively t:) 
one another, and would compare properly with any theoretical expansion curve. 
(Prof. A. B. W. Kennedy, Froc. Inst. M. E., Oct. 188C.) 

Fig. 100 shows a combined dlu^jram of a quadruple-expansion engine, drawn 
according to the usual method, that is the diagrams are first reduced in length to 
relative scales that correspond with tlie relative piston displacement of the three 
cylinders. Then the diagrams are placed at such distances from the clearance 
line of the proposed combined diagram as to correotly represent the clearance in 
each cylinder. 

Clearanoe.— The clearance of an engine may be measured by fllUngwlth 
TMeline, the space between the piston and cylinder head when the engine is on 
omters Mid the yolnme of yaieline required to fill the space measaxod. Thlt fol* 





Fl€K 181.— FRICTION INDTCATIOM 
■IMFI^a YALVB IMOINX. 



V J 

Fig. 183.— inpicatiov r? frictiov 

FoUB VALVB JCNGINB. 



Fia. 1P2. — FULL LOAD INDICATION 
SIXPLB VALVa ENGINE. 




- FlO. 184.— FULI. LOAD or FOUR 
VALVR XNOINS. 





Fio. 185 — niGH pnEs«uRB card for 

FOUR VALVB COMPOUND BNGINS. 



Fro. 188.— LOW PBB88URB CARD FOR 
FOUR YALVB COMPOUND ENGINE. 





IJ'IG. 167.— GRADUATED LOAD 
INDICATION. 



Fia. 188.— MAXIMUM AND MINIMUX 
INDICATION. - 




FMk ISO — COBUM OOtfOXNfDie SSaXHS nroZOATXCUIr 
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nme divided by the yolnme iwept throagli by the piston per stroke, eqnals the 
]X!r cent of clearance. In case the clearance can not be measnrcd in this wa:% it 
inny be roughly drawn from an indicator card by the f oUowin;; procc83. Drarv a 
straight line, cbad^ across the compression cnrve, first having drawn OX^ Fig. 




Fio. 190.— coKBonNa hultiflb xxpansioh XNonnB diagrams. 
101, parallel to the atmospheric line and 14.7 lbs. below. Measure from « th« 
distance, a r/ equal to c 3, and draw YO perpendicular to t7 A* through d\ then 
will TB divided by ^ 7* be the pcrcenta.r:e of clearance. The clearance may also 
be found from the expansion line by constructing a rectangle €/hg^ and drawing 




-8* 



IT 

Fig. 191.— method of obtaihino clearancx lines rnox diagram. 
a diagonal ^/to intersect the line OX. This will give the point, O, and by erect- 
ing a perpendicular to C7 A* we obtain a clearance line O Y. 
^ Both these methoda for finding the clearance require that the expansion and 
compression curves be hyperbolas. Prof. Carpenter (/Vw/r, Sept. 1898) says that 
with good diagrams the methods are usually very accuratei and glv« xofulta 
which check aatisfactorily. 
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HORSE-POWEB FEB POUND MEAN EFFECTIVE PBESSUBB. 

Hp. per lb. H. E. P. a Area In sq. In. X pieton 8peed 

33,000 



Diam. of 








Cylinder, 




Speed of Piston in Feet per Minnte. 


ins. 


100 


240 800 400 450 500 


550 600 650 750 


4 


.038 


.091 


.114 


.152 


.171 


.19 


.20il 


.228 


.247 


.285 


<M 


.048 


.115 


.144 


.192 


.216 


.24 


.264 


.288 


.812 


.860 


6 


.06 


.144 


.18 


.24 


.27 


.80 


.83 


.86 


.89 


.450 


6^ 


.072 


.173 


.216 


.283 


.824 


.86 


.896 


.433 


.468 


.540 


e 


.066 


.205 


.256 


.342 


.885 


.428 


.471 


.518 


.565 


.841 


r* 


.102 


.245 


.807 


.409 


.464 


.512 


.563 


.614 


.698 


.800 


.116 


.279 


.848 


.466 


.524 


.583 


.641 


.699 


.756 


.874 


7^ 


.134 


.321 


.401 


.534 


.602 


.669 


.735 


.802 


.869 


1.003 


8 


.162 


.865 


.456 


.608 


.785 


.761 


.837 


.912 


.989 


1.121 


8^ 


.172 


.413 


.516 


.688 


.774 


.86 


.946 


1.032 


1.118 


1.290 


9 


.192 


.462 


.577 


.770 


.866 


.963 


1.059 


1.154 


1.251 


1.444 


^% 


.215 


.515 


.644 


.859 


.966 


1.074 


1.181 


1.288 


1.895 


1.610 


10 


.288 


.571 


.714 


.952 


1,ft71 


1.190 


1.309 


1.428 


1.547 


1.785 


11 


.288 


.691 


.864 


3.152 


3.396 


1.44 


1.584 


1.728 


1.872 


8.160 


\% 


.842 


.820 


1.035 


1.^66 


l.MO 


1.708 


1.880 


2.050 


8.222 


8.564 


18 


.402 


.964 


1.206 


l.n08 


L809 


2.01 


8.211 


2.412 


8 613 


8.015 


14 


.466 


1.119 


1.898 


1.B64 


2.097 


2.a31 


2.564 


2.797 


8.029 


8 495 


15 


.535 


1.285 


1.606 


2.131 


2.409 


2.677 


2.945 


8.212 


8.479 


4.004 


16 


.609 


1.461 


1.827 


2.436 


2.741 


8.045 


8.349 


8.654 


8.958 


4.567 


17 


.685 


1.643 


8.054 


8.739 


^.m. 


8.424 


8.766 


4.108 


4.450 


5.185 


18 


.771 


1.849 


2.812 


a.[)88 


3 468 


8.854 


4.239 


4.624 


6.009 


6.780 


10 


.859 


2.061 


2.577 


8.436 


a.H65 


4.295 


4.724 


5.154 


5.583 


6.448 


80 


.952 


2.292 


2.855 


8 607 


4.HS5 


4.759 


5.234 


6.731 


6.186 


7.138 


21 


1.049 


2.518 


8.148 


4.197 


4.722 


5.247 


5.771 


6.296 


6.820 


7.860 


83 


1.152 


2.764 


8.456 


4.(507 


5.183 


6.759 


6.334 


6.911 


7.486 


8.638 


83 


1.259 


8.021 


8.776 


5.035 


5.664 


6 294 


6.923 


7.652 


• 8.181 


0.44 


84 


1.870 


8.289 


4.111 


5.482 


6.167 


6.853 


7.538 


8.228 


8.908 


10.279 


86 


1.487 


8.569 


4.461 


6.^48 


6.C92 


7.486 


8.179 


8.928 


0.566 


11.068 


86 


1.609 


8.861 


4.826 


6.435 


7.239 


8.044 


8.848 


9.652 


10.456 


li.065 


87 


1.788 


4.159 


5.199 


6,fi32 


7.799 


8.666 


9.532 


10.399 


11.265 


12.098 


88 


1.865 


4.477 


6.596 


7462 


8.395 


9.328 


10.261 


11.198 


12.125 


13.991 


80 


2.002 


4.805 


6.006 


aoo8 


9.009 


10.01 


11.011 


12.012 


13.013 


15.015 


80 


2.142 


5.141 


6.426 


%.f^ 


0.639 


10.71 


11.781 


12.852 


13.923 


16.065 


81 


2.288 


5.486 


6.8C5 


9.144 


10.287 


11.48 


12.573 


13.716 


14.866 


17.145 


88 


2.486 


5.846 


7.308 


9.744 


1J.962 


12.18 


13.398 


14.616 


15.834 


18.270 


88 


2.590 


6.210 


7.770 


10.360 


11.655 


12.959 


14.245 


15.54 


16.835 


19.426 


84 


2.746 


6.69 


8.288 


10.984 


12.357 


13.78 


15.103 


16.476 


17.849 


80.595 


85 


2.914 


6.993 


8.742 


11.656 


13.118 


«.57 


16.027 


17.484 


18.941 


81 855 


86 


3.064 


7.401 


9.253 


12.836 


18.878 


15.43 


16.962 


18.504 


20.046 


83.180 


87 


3.263 


7.819 


9.774 


13.033 


14.861 


16.20 


17.919 


19.548 


21.177 


84.485 


88 


3.486 


8.246 


10.308 


13.744 


15.4C2 


17.18 


18.898 


2J.616 


22.834 


25.770 


80 


3.620 


8.648 


10.86 


14.48 


16.29 


18.1 


19.91 


21.62 


23.53 


27.160 


40 


3.808 


9.189 


11.424 


15.282 


17.186 


19.04 


20.944 


22.848 


24.752 


28.560 


41 


4.002 


9.604 


12.006 


16.0(8 


18.009 


20.00 


22.011 


24.012 


26.013 


80.015 


42 


4.198 


lO.OtiS 


12.594 


16.792 


18.901 


20.90 


23.089 


25.188 


27.287 


81.486 


43 


4.40 


10 56 


13.20 


17.6 


19.8 


22.00 


24.2 


2<5.4 


28.6 


83.00 


44 


4.606 


11.046 


13.818 


18.424 


20.727 


23.08 


25.888 


27.686 


29.980 


84.545 


45 


4.818 


11.508 


lt.454 


19.273 


21.681 


24.00 


26.899 


2^.908 


81.817 


86.135 


46 


5.048 


12.066 


15.128 


20.144 


22.662 


25.18 


27.6iJ8 


80.216 


82.754 


87.770 


47 


5.256 


12.014 


15.768 


21.024 


23.662 


26.28 


28.908 


£1.536 


84.164 


89.420 


48 


5.483 


12.846 


16.446 


21.928 


24.669 


27.41 


30.151 


83.152 


85 638 


41.115 


40 


5.714 


12.918 


17.148 


22.856 


25.713 


28.57 


31.427 


84.284 


87.141 


42.855 


60 


5.960 


14.28 


17.86 


28.8 


26.775 


29.75 


82.725 


83.7 


88.676 


44.625 


51 


6.180 


14.882 


18.54 


24.76 


27.855 


80.95 


84.045 


87.08 


40.205 


46.425 


62 


6.482 


15.487 


19.296 


25.72S 


28.944 


82.16 


35.876 


83.592 


41.808 


48.240 


68 


6.634 


16.041 


20.052 


20.7otf 


80.078 


82.43 


36.762 


40.104 


43.446 


50.180 


64 


0.940 


16.656 


20.88 


27.76 


81.23 


83.7 


88.17 


41.64 


45.11 


52.06 


65 


7.198 


17.2r5 


21.594 


28.792 


82.891 


85.90 


89.580 


43.188 


46 787 


53.988 


66 


7.468 


17.909 


22.886 


29.848 


83.579 


87.31 


41.041 


44.772 


48.508 


55.965 


67 


7.782 


18.657 


88.196 


80.928 


84.794 


88.66 


42.526 


46.898 


50.258 


67.90 


68 


8.006 


19.214 


84.018 


82.024 


86.027 


40.08 


44.038 


48.086 


62.080 


60.045 


50 


8.884 


19.908 


84.858 


88.136 


87.278 


41.48 


45.568 


49.704 


58.846 


62.18 


^ 


8J66 


80.668 


85.698 


84.264 


88.547 


42.88 


47.118 


61.806 


65.070 


64.846 
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TBUB RATIO OF BXPANSION AA AFFBOTBD BY GUT-OFF 
AND GLEABANCS. 






PER OXNT or OLXABAHOX. 



10 



PER CENT OP CUT-OPP. 



\ 



21- 
<X 

S 

SK 

5 

7 

?^ 
8^ 

9 

10 
im 

11 
ItK 
lid 
18 

14 
15 
16 

17 
18 
19 

to 



1.000 

.789 
.668 
.667 

.495 
.489 
.894 
.858 

.827 
.279 
.848 
.215 

.102 
.174 
.168 
.145 

.184 
.125 
.116 
.109 

.108 
.096 
.091 
.086 

.0«2 
.078 
.074 
.068 

.062 
.067 
.068 

.049 
.046 
.048 
.040 



1.000 


1.000 


1.000 


1.000 


1.000 


1.C00 


1.000 


1.000 


.796 


.794 


.792 


.790 


.787 


.785 


.788 


.781 


.660 


.657 


.654 


.650 


.646 


.648 


.640 


.686 


.668 


.659 


.665 


.550 


.645 


.641 


.637 


J»8 


.490 


.486 


.480 


.475 


.470 


.465 


.460 


.465 


.488 


.428 


.428 


.417 


-411 


.408 


.400 


.895 


.888 


.882 


.876 


JKt) 


.864 


4158 


.858 


.846 


.851 


J)45 


.888 


UI8S 


X» 


.819 


4)18 


4M)6 


.820 


.813 


.807 


.800 


.298 


.287 


.280 


.278 


J871 


.266 


.267 


.260 


.248 


.286 


4228 


.221 


.235 


.227 


.220 


.218 


.206 


.197 


.190 


.182 


-.207 


.199 


.191 


.188 


.175 


.168 


.160 


.152 


.184 


.176 


.168 


.160 


.152 


.144 


.186 


.128 


.165 


.157 


.149 


.141 


.183 


.125 


.116 


.108 


.150 


.142 


.138 


.125 


.116 


.106 


.100 


.092 


.187 


.128 


.120 


.112 


.108 


4)95 


4)86 


.078 


.126 


.117 


.109 


.100 


.091 


.0P8 


.074 


.066 


.116 


.107 


.009 


.090 


.081 


4r78 


.064 


.055 


.108 


.099 


.090 


.081 


.072 


.064 


.055 


.046 


.100 


.091 


.082 


.074 


.065 


.056 


.047 


.088 


.098 


.084 


sm 


.067 


.058 


.049 


.040 


4)81 


.097 


.078 


sn^ 


.060 


.052 


.048 


.084 


.025 


sm 


.078 


.064 


.056 


.046 


.087 


.028 




.077 


.068 


.059 


.050 


sax 


4)88 


4)28 




.078 


.064 


.055 


.045 


.086 


.027 






.069 


.060 


.050 


.041 


4)88 


.028 






.065 


.056 


.047 


.087 


.028 








.068 


.049 


.040 


.081 


urn 








.068 


.044 


.084 


.025 










.048 


.039 


.029 


.020 










4)44 


.084 


.025 












.040 


.081 


.021 












.037 


.027 














.084 


.024 














S»\ 


.021 















1.000 

.780 
.688 

.688 



.840 



.287 
J214 

.175 
.144 

.120 

.100 
.088 



.057 
.047 
.037 



.028 
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CX>MPBi:SSION OF BTEAMl IN THB GYI^ND£BS. 

Best Pbbiods of Coxpbession; Clearance 7 peb cent. 



^ 


TOTAL BACK FBESSUBE, IN PEBCENTAOES OV TOTAL INITIAL PRESSUBE. 


^ss 






jtl 


^ 


5 


10 


15 


20 


25 


30 


35 


C2* 




















<s" 


PEBIODS or COXPBES8IOK, IN PARTS 07 THE 


STROKE. 


10% 


65?^ 


67?^ 


A\% 


SfJ^iT 








16 


58 


52 


40 


2^ 


"^•^X 






SO 


53 

47 


47 
42 


87 
84 


27 
26 


2:3 

21 






85 




1 i% 






80 


43 


89 


32 


25 


20 


10 ' 


\\% 


\l% 


S6 


89 


85 


29 


28 


19 


15 


\6 


11 


40 


86 


82 


27 


21 


18 


14 


13 


11 


45 


88 


80 


25 


20 


17 


14 


12 


10 


60 


80 


27 


23 


18 


16 


18 


12 


10 


66 


27 


21 


21 


17 


15 


18 


11 


9 


60 


24 


22 


19 


15 


14 


12 


11 


9 


66 


22 


20 


17 


15 


14 


12 


10 


8 


70 


19 


17 


16 


14 


14 


12 


10 


8 


76 


17 


16 


14 


18 


12 


U 


9 


8 



BTBABC GOXSUMPTION DIStRIBUTIOX AXD VARIOUS 

BFFICIBNCISS OF ATHCHAGB ENGINES FROM 

S3Q0 TO 500 H. P. 







Dry fi team 


COTl- 






1 IS . 


1 






t 


sumption. 


Un. 


>\ 


^ ■ 


X^^ 




^"^tf 




I>t r 1 11, r. 


hour. 


II 

•5SJ 




f = 5 




^ii 


Eofttis C]ft»fli 


'!« 




a-,1 

-'^S' 


i 






11 


E^ a 


ga< 


%-i^ 
1-^ 




S3 


IP 


KONHToirozKaiso. 


















Throttling, small 


80 


17.P3 


27.17 


45 


14.29 


80.7 


5.67 


85. 


4.» 


Simp] sl'ep. Valve.... 


lOv) 


16.08 


16.92 


88 


15.77 


48.'ns 


7.' 5 


94 


7.19 


Compoond Dep. Valve. 
Simple Indep. Valve.... 


180 


14.80 


9.70 


24 


17.62 


59.6 


10.50 


02 


9.66 


100 


16.06 


11.92 


28 


15.77 


69.5 


9.05 


92 


8.83 


Compo'nd Indep. Valve 


lao 


14.80 


7.70 


S2 


17.02 


66. 


11.44 


90 


9J» 






















Simple Dejp. Valve 

OompouudTppp. Valve. 
Triple Dep. Valve 


100 


8.81 


1M9 


27 


26.50 


8*J.05 


8.65 


01 


7.87 


180 


8.27 


11.73 


20 


28.14 


41.35 


11.68 


90 


10.48 


160 


7.86 


9.15 


17 


29.44 


46.2 


18.61 


90 


12.25 


Simple Indep. Valve.... 


100 


8.81 


18.19 


82 


26.50 


40.05 


10.61 


88 


9.85 


Oompo'nd Indep. Valve 
Triple Indep. Valve 


180 


8.27 


9.73 


18 


f8.l4 


4 .96 


12.91 


87 


11.23 


160 


7.85 


7.16 


15 


29.44 


52.4 


16.43 


87 


18.48 


Comp. or Triple Indep. 
Valve, verjrlarge,.... 




















170 


7.74 


6.26 


13 


29.85 


59.8 


17.77 


93 


13.85 



litotes Tbo coiidenaer pxeesore Is Msumod at 2 lbs. aUolute. 
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BBQVISITB WBIOHT OF 8TKAM PSR 1 HP-HOUB AinO 
TRKRKAT. KFFiCIKNCT OF 8TANDAHD SNQIllBk 



75 
80 
8o 

00 
95 
lOj 

JOi 

110 
llj 

125 
135 
145 

155 
1G5 
175 

185 
800 



Non-Oondeiuiliig 

EngineB, Air 

Pressure. 14.7 llw. 

AbMinto. 



ii 

1^ 



12.51 
12.95 
18.40 

18.86 
14.20 
14.68 

15.08 
15.40 
16.77 

18.45 
17.05 
17.68 

18.14 
18.61 
19.10 

10.55 
20.15 



Ii 
AH 

r 



20.45 
10.75 
19.06 

18.40 
17.83 
17.88 

16.80 
16.48 
16.06 

16.40 

14.81 
14.30 

13.80 
18.51 
13.12 

12.82 
12.42 



Condeminfi; Engines. 
Lbs. Abeolata Pressure iu Condenser. 






26.8 
27.2 
27.50 

27.06 

2«.3 

28.66 

28.97 



29.3 7.81 



29.55 

80.13 

80.61 
81.1 

81.5 
81.95 
a2.35 

82.7 
88J22 



8.60 
8.46 
8.86 

8.28 
8.11 
8.00 

7.01 



7.73 

r.67 
7.45 
7.3i 

7.20 
7.10 
7,00 

fl.9*J 
U.bO 



0« 
AS 



28.6 

24.07 

24.44 

24.84 
25.20 
2a.60 

2S.0O 
26.22 
20.50 



27.10 

27.6 

28.14 

28.6 
29.0 
29.44 

20.8*1 
80.85 



0.98 

U. 

9.62 

9.45 
fl.82 
9.19 

0.04 
8.01 
8.81 

8.60 

8.44 
8.27 

R.IO 
7. 

7.85 

7.74 
61 



21.6 

22.07 

22.5 

22.0 
23.3 
2a.62 

23.08 

»4.3 

24.6 

25.9 
25.8 
26.25 

26.7 
27.8 
87.6 

28.0 
28.58 



J 

Aa 

Hi 



11.07 
I4).8. 
10.60 

10.40 
10.21 
10.06 

0.91 
9.76 
9.64 

0.80 
9.16 
8.b6 

8.re 

8.64 
8.61 

8.87 
8.20 



20.1 

20.ft5 

21.00 

21.4 

21.8 
22.2 

22.5 

r2.85 
28.16 

28.75 
24.3 

24.86 

25.8 
25.8 
S6.2 . 

26.6 
27.2 



12.00 

;i.4; 

11.28 
11.08 
10.81 

10.66 
10.48 
10.82 

10.05 
9.83 
9.6. 

0.40 
9.20 
9.04 

8.00 



18.0 

10.88 

19.8 

20.22 
20.62 
21.00 

21.88 
21.70 
%AS» 

29.6 

28.18 
88.70 

24.W 
24.68 
26.1 

28.68 
26.1 



4. 
II 

r 



19.90 
12.60 
12.27 

19.01 
11.76 
11.68 

11.88 
11.14 
10.06 

10.66 

10.88 
10.14 

009 
0.72 
0.68 

0.86 
0.16 



STEAU PIPING. 

The proper arrangement of piping in a station if inch an important matter 
that tbo relative location of boilers and eDp;inc8 is largely considered with rc;;ard 
to their steam connections. In general, the live steam velocity ahould not exceed 
OOCOft. to 8000 ft. per minute, the lower velocity being nscd with ilow-speed en- 
gines; and 3 per cent drop may be allowed at the end of the steam main farthest 
from the boiler in a single line of pipe. 

The method of calculating tho proper size of steam pipe is to first estimate 
the effective length by adding to its actual Icn^h the number of globe valves, 
automatic relief valves, separators and T's where the direction of steam fiovf is 
changed, and multiply the sum by 5. Then add together all the right angle 
elbows, and multiply their sum by 8^, and add tho number of Y's and T's throngh 
which the steam passes without turning, multiplying this sum by 1.6. The snm 
of these products thus found multiplied by the actual internal diameter of the 
pipe in inches, and the resolt in feet added to the actual length of pipe U&e wiQ 
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give the effectire length. The diameter xniut be sBsnmed and can be checked 
from the table, on this page. 

Bj obtaining the foot run of pipe, as abore, and the ponnds of steam per bonr 
at each position required on a single header system, and the pressure losses 
assigned to these diilerent parts of the piping system, we can calculate the 
size of pipe. The pounds of steam per hour multiplied by the square root of 
the dividend obtained by dividing the elective length of pipe in feet by the 
ponnds pressure to be lost gtves from the table below, under the column of the 
initial pressure of steam, the nearest number to that obtained by applying the 
formula; which is the proper diameter. 

CONSTANTS FOR TXOW OP STEAM IN PIPES. 



«l 


li 


Gage Presssure, Pounds per Square Inch. 




2 


100 


190 


140 


160 


180 


200 


Is 






/ n 


. Run 


^.2 
P 


constants Lbs. or steam per Hour X -^ ^^^ Lods of Pressure. 


1 
2 
8 

4 
6 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 
17 

13 

19 
20 
21 

22 
28 


228 
1,110 
8,960 

8,890 
15,200 
28,800 

85,400 
50,000 
67,700 

88,700 
113,000 
141,000 

172,000 
208,000 
247,000 

290,000 
339,000 
392,000 

449,000 
512,000 
679,000 

651,000 
728,000 


620 
8,020 
10,800 

22,900 

41,500 
65,000 

96,500 
186,000 
185,000 

242,000 
808,000 
884,000 

470,000 
567,000 
675.0U0 

793,000 

925,000 

1,070,000 

1,220,000 
1,390,000 
1,580,000 

1,7?0,000 
1,980,000 


1.580 

7,450 

26,600 

66,400 
102,500 
160,000 

288,000 
836,000 
466,000 

697,000 
762,000 
048,000 

1,160,000 
1,400,000 
1,670,000 

1960.000 
2,280,000 
2,640,000 

8,020,000 
3,440,000 
8,900,000 

4.870,000 
4,900,000 


1,650 

8,070 

28,800 

61,100 
110,800 
178,000 

258,000 
864,000 
493,000 

645,000 

822,000 

1,027,000 

1,255,000 
1,510,0U) 
1,800,000 

2,110,000 
2,470,000 
2,860,000 

3,260,000 
8.720,000 
4,210,000 

4.780,000 
5,300,000 


1,780 
8,590 
80,700 

65,000 
118,000 
186,000 

2?5,000 
888,000 
626,000 

687,000 

877,000 
1,094,000 

1,840,000 
1,610,000 
1,920.000 

2 260,000 
2,630,000 
8,040,000 

8,480,000 
8,970,000 
4,490,000 

5,040,0^ 
6,660,000 


1,870 

9,110 

82,600 

68,900 
126,000 
196,000 

291,000 
411,000 
667.000 

780,000 

930,000 

1,168,000 

1.420,000 
1,710,000 
2.040,000 

2.390,000 
£,790,000 
8,280,000 

8,690,000 
4,210,000 
4,760.000 

5,340,000 
6,990,000 


1,960 

9,580 

84,200 

72,500 
182,000 
206,000 

806,000 
482,000 
685,000 

788,000 

978,000 

1,217,000 

1.490,000 
1.800,000 
2,140,000 

2,510,000 
2.980,000 
8,890,000 

8,880,000 
4,420,000 
6,010,000 

5,610.000 
6,800,000 


2,060 

10,000 
85,900 

76,000 
188,000 
216,000 

821,000 
453,000 
616,000 

80^000 

1.025.000 
1.280,000 

1,500,000 
1.890,000 
2.240,000 

2,640,000 

£.080,000 
8,660,000 

4.060,000 
4,640,000 

5,900,000 
6,610,000 



A loop system of piping. Fig. 19:2, is installed to give two methods of feeding 
from the boilers. In this case one side of the loop should be able to carry two- 
thirds of the aggregate steam demand. If there were liability of a breakdown 
the loop system is very effective, as repairs on the piping plant can be made while 
steam is kept constantly on the mains. Statistics on steam pipe breakdowns in 
railway stations, show a permanent structure with such a remote liability of 
liiMkdown that the additional first cost and constant condensation cost is not 
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eom]>en8ated for. Large plants may be boilt np on the unit system with a single 
main. Fig. 133, or the combination system. Fig. 104. A system of smaller pipes 
shows less first cost than a single lar^e steam main. It is doubtful whether it is 
profitable to exceed a 24-in main for pressures over 100 lbs. per square inch. 
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Fig. 19^— loop ststzm. 
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FlO. 194.— COMBINATION ST8TBM. 

In railway work the pounds of steam assumed for pipe calculation should be 
In excess of the average hourly demand, for the reason that the overload foils on 
all enf^incs working in multiple and a fall in pressure varies as the sqnare of the 
rate of flow, thus affecting the regulation of the engine. The steam pipe, if short, 
should contain at least twenty times the volume of the engine cy lindecB fed tiom 
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STISAM PIPES. 

Telocity of Steam In Pipes Correspondins^ to a Constant 

Pressure Ixms. 






5? 



1 

2 

8 

4 
5 
6 

7 
8 
9 

10 
11 
12 

18 
14 
16 

16 

17 
18 

10 
20 
21 

22 



1% 



Gaf^e Pressure, Pounds per Square Inch. 



300 



120 



140 



160 



180 



200 



Velocity, Feet per Minute at 1 lb. Loss of Pressure per 100 feet. 



1^110 

no.o 

23,450 

27,850 
83,420 
85,800 

88,550 

41,600 
44,600 

47,260 
49,750 
52,100 

54,800 
56,600 
58,600 

60,fi50 
62,600 
64,500 

66,250 
68,100 
69,960 

71,000 
73,250 



4.440 

6,0:25 
8,600 


1,800 
2,680 
8,482 


1,667 
2,482 
8,230 


1,561 
2,325 
8,020 


1.475 
2.197 
2,855 


1.408 
2,090 
2,716 


10.230 
11,00) 
12,830 


4,140 
4,816 
5,280 


8,836 
4.460 
4,850 


8.590 
4,175 
4,640 


8,390 
8,945 
4,290 


8,230 
3,7o0 
4,080 


14,180 
l.>,27'0 
16,380 


5,720 
6,175 
6,U05 


5,300 
6,720 
6,120 


4,960 
5.3ri0 
6,780 


4,690 
6,060 
6,415 


4,460 
4,820 
5,150 


17,820 

18,260 
19,110 


7,010 
7,880 
7,780 


6,500 
6,846 
7,170 


6,086 
6,410 
6,710 


5,750 
6,050 
6.840 


P,470 
6,700 
6,080 


19,910 
20,690 
21,600 


8.050 
8,375 
8,700 


7,470 
7,760 
8,060 


6,990 
7,270 
7,660 


6,610 
6,870 
7,130 


6,290 
6,580 
6,780 


22,200 
22,950 
28,650 


8,980 
9,280 
9,670 


8,330 
8,600 
8,860 


7,800 
8,050 
8,300 


7,370 
7,605 
7,840 


7.000 
7,236 
7,460 


24,800 
24.950 
257600 


9,880 

10,110 
10,890 


9.110 
9,370 
9,620 


8,530 
8,770 
9,000 


8,060 
8,280 
8,500 


7660 
7.880 
8.090 


26,250 
26,850 


10,630 
10,890 


9.850 
10,060 


9,210 
9,440 


8,710 
8,910 


8,290 

8,480 



1,338 
1,992 
2.590 

8,080 
8,580 
8,890 

4,255 

4.500 
4,910 

5,210 
6,490 
6,766 

6,000 
6,225 
6,470 

6,685 
6,900 
7,110 

7,810 
7,510 
7,716 

7,900 
8,060 



it. Engines that staggered badly have been cared by adding local steam storage 
where there was a throttling action of the steam main for instantaneous demands 
This) is more noticeable in slow-speed than in high-speed engines. 

As an example of pipe design, we may take a 1000 Ihp condensing engine 
with 120 lbs. boiler pressure. As we may nnder pecnliar circumstances desire to 
run non-condensing at full load, the live steam and atmospheric exhaust pipes 
should be designed to carry 23,000 lbs. per honr, assuming 23 lbs. of steam per 
hp-hour. Overloads if they come are cared for by raising the boiler pressure, as 
the engine is not intended for regular non-condensing running, but the condenser 
exhaust should be proportioned for 25 per cent overload— that is, 1223 ihp at 
about 16 lbs. per hp-hour or a total of 19,C00 lbs. per hour. Assume the total 
lcn;;th of steam pipe to be 75 ft. and that there is one separator, one globe valve 
and four sharp rlglit elbows in the line. We thus have (boiler entrance 1, sepa- 
rator 1, globe valve 1 » 3) X 6 =3 is. Also 8^ X 4 elbows =■ 13^, and the total 
iom Is 28. AASonxlng D 9X^ ins. we have 76 ft. -f (8 X 2^ » 299 ft. eflecUve 
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Teloclt/ of Steam In Pipe* Gorrespondlnir to Wolf^l^t of 
Steam DeliTored per Hour. 





li 

is 


Gage Pressure, Ifoands per Square Inch. 


2 


100 


120 


140 


100 


180 


200 


^1 


Velocity, Foet 


per Minute, per Pound of Steam Delivered per Hour. 


1 
% 
8 


532. 
138. 
fiO.1 


71.5 
17.9 
7.94 


11.74 
2.985 
1.305 


10.1 
2.58 
1.12J 


8.84 
2.21 
.962 


7.89 
1.97 
.877 


7.18 
1.78 
.798 


6.48 

1.68 
.78 


4 
6 
6 


88.8 
21.3 
14.8 


4.47 
2.86 
1.99 


.784 
.470 
.887 


.681 
.404 
.281 


.558 

.354 
.246 


.498 
.816 
.219 


.448 
.885 

.198 


.406 
.259 
.180 


7 
8 
9 


10.85 
8.30 
tt.56 


1.48 
1.19 
.881 


JMO 

.188 
.145 


.206 
.158 
.125 


.180 
.138 
.109 


.161 
.128 

.0978 


.145 

.111 
.0680 


.188 
.101 
.0790 


10 

n 
iss 


5.82 
4.40 
3.70 


.715 
.590 

.497 


.117 
.0971 
.0616 


.101 

.0835 

.O?02 


.0684 
.0780 
.0614 


.0789 
.0651 
.0548 


.0718 
.0589 
.0490 


.0648 
.0585 

.0460 


18 
14 
15 


8.15 
2.72 
2.36 


.428 

.865 
.818 


.0695 
0599 
0522 


.0698 
.0516 
.0449 


.0528 
.0451 
.0398 


.0467 
.0102 
.0850 


.0428 

.0364 
.0317 


.0684 
.0880 
.0288 


1« 
17 
18 


2.08 

1.84 
1.64 


.280 
.248 
.220 


.0458 
0407 
0862 


.0394 
.0350 
.0312 


.0345 
.0306 
.0278 


.0806 
.0273 
.0248 


.0279 
.0247 
.0220 


.0288 
.0226 
.0000 


19 
SO 
21 


1.47 
1.33 
1.21 


.198 
.179 
.162 


.0326 
.0294 
.0278 


.0280 
.0252 
.0239 


.0245 
.0221 
.0200 


.0218 
.0197 
.0179 


.0196 
.0178 
.0162 


.0180 
.0168 
.0158 


S3 
28 


1.10 
1.00 


.148 
.135 


.0248 
.0222 


.0209 
.0:91 


.0188 
.0167 


.0163 
.0149 


.0147 
.0135 


.0184 
.0128 



length. Three per cent pressure loss Is 8.6 lbs.; and ^-f^^ sz 8.89 per pound x 

28,000 lbs. s= 204,000. 

We find in tabic, page 221, that this corresponds to a little more than a 6-bL. 
pipe. Assuming the pipe to be 6 ins. and calculating over again we get an effective 
length of 242 ft. and a constantof 188,000, corresponding to a pipe just larger than 
6 ins. If the globe valve was replaced by a gate valve, and long sweep elbows 
used, the effective length would be 95 ft. and tiie corresponding diameter is Just 
1 in. smaller: the construction cost would be 20 per cent less, and the condeiUM* 
tion would be 17 per cent less than with the other fittings and larger pipe. 

Material and Sizes of Steam Piping.— Wrought iron pipe and cast-iron 
fittings are generally used. The pipe la made in "standard weight," ** extra 
strong '• and *' double extra strong " grades. Fittings are " light weight,"' "stand- 
ard weight '• and *' extra heavy " grades. All pipe and fittings are rated by **nom- 
inal inside diameter * of pipe up to and including 12 ins. There is no 13 in. tke, 
and all material abOYO 18 ins. la rated by the actual ontside diameter, aad fO 
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ftpcclfled. Thus a pipe 13.25 ins. Inside diameter Is ' called " 14 in. O. D,** and the 
nex t size " 15 in. O. D.*» *' Standard " pipe ehould be proved to 800 Ibe. per aq. in. 
hydraulic pressure in eizes up to 1J4 In., and to 600 lbs. in larger sizes. Pipe 
should be good for a working pressure of half its proof pressure. Thus ** stand- 
ard weight " pipe is generally used; but on account of insufficient thickness at 
tlie threads, for 1 in., %% in. and 8 in. pipe, if a strong job is desired, especially 
at boilers and main line taps, "extra strong " is generally specified. 

Brass pipe is generally used around machinery for gages and oiling systems 
on account of the ease of bending, better finish and less liability to leak with oil 
than iron pipe. Copper pipe is used for long sweeps and expansion bends, the 
pipe generally being riveted and brazed to brass flanges. Soft steel pipe is used 
where the pipe has to be flanged over the flange ends, and is an alternative for 
copper pipe in long sweeps or expansion bends. 

Fittings.— In regard to fittings, "light weight" is good for 25 lbs. pressure 
and is therefore used for atmospheric exhaust work. Double, galvanized, spiral- 
riveted, flanged-iron pressure pipes are also used for this work. For condenser 
exhaust work it may also be used, but the real trouble with light weight fittins;s 
is the liability of breakages in making the flanges on the pipe and drawing them 
up tight if there is any strain due to poor alignment. " Standard weight " is very 
satisfactory for exhaust work and steam pressures below 100 lbs., though it is 
often nsed np to 150 lbs., the only objection being that it is difficult to get the 
flanges tight enough together for high pressure work without breaking the bolts. 
There is an objection to the extra heavy flttings, in that the number of bolt holes 
in most of the flanges are not even multiples of 4, and in some cases are an odd 
number. This arrangement makes a quarter turn impossible. 

Yalves.— Valves are of ** globe" and "gate" patterns, the seats being made 
of a variety of metals. Bronze seats give very good results for globe and gate 
valves; but exhaust gate valves, and valves seldom used, may have babbitt seats 
In order to reduce the cost. It is advantageous to have the seats renewable. 
Valves with outside screw and yoke are often made with a cone top on the stem 
just under the gland, the top and corresponding seat being ground. This makes 
it possible to pack the gland under pressure by opening the valve wide. On ac- 
count of the collection of dirt or scale on ^the stem seat, the valve may blow too 
much for packing under pressure. 

Valve scats as well as all piping should be cleaned just before erection, and 
after erection steam blown through them to the air in order to remove unavoid- 
aLlc dirt. To close a valve no attempt should be made to screw the gate down 
harder than the manual effort of the handwheel, for it generally results in mar- 
ring the scat or twisting the stem. A clot of water suddenly released has suffi- 
cient velocity given it ^itl* steam behind it to break cast fittings, therefore care 
must be taken in opening valves. Babbitt seat valves for condenser exhaust 
work should be by-passed for 20 ins. and over. Atmospheric exhaust valves do 
not need by-passes. Bronze seat valves should be by-passed at 13 ins. or 14 ius. 
and over for 100 lbs., at 8 ins. or 10 ins. for 150 lbs., and at 6 ins. or 8 ins. for 200 
Iba. pressure. 

In opening np pli» or fittings shut off from the steam supply by valves, some 
positive means should be taken to learn that the valves are not leaking danger- 
ously; therefore befoi-e risking the opening of the pipe line, drill a H'^n. hole in 
tha pipe, which can afterwards be plugged. 

Steam Pipe Joints.— Tight joints are the combined result of good derfgn 
and workmanship. Tha screw threads should be perfect. When flanges an 
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used they ehonld be m&de np tight, and the pli>e ends shoald not come flnsli with 
their faces. All threads, flange faces and gaskets, bnt not ground faces, should 
be painted before assembling. For work that is permanent Caliban's cement is 
rery satisfactory * or graphite mixed with boiled linseed oil. If these are not 
convenient, a mixture of 2 of white lead to 1 of red lead in boiled linseed oil is very 
good. Bed lead alone is liable to crack under strains. In any case the paint 
should not be thin and should be thoroughly and uniformly applied with a brush 
over the abutting surfaces. 

Small pipes are joined throughout with screw couplings, bnt large pipes 
should have flange joints at all fittings, and screw couplings elsewhere. Light 
and medium pressure flanges are screwed on the pipe, and have plain faces. High- 
pressure flanges are screwed or welded on to the pipe ends, or else the latter are 
flared over the flange faces and expanded into recesses in their hubs, the portion 
of the pipe flared over being usually flnished for a ground joint. "Where ground 
joints are not used it leads to better results to have the flange faces tongned 
and grooved. 

Square-head bolts and hexagon nuts are preferable, and wrenches or Bpan> 
ners for them should have hardened surfaces and be extra strong so that a small 
pipe may be used as a lever. A hammer should not be used to turn the wrench. 
Where cap bolts have to be used, as in attaching to seitarators, etc., they shoald 
have a hexagon head; and considerable care has to be used before assembling, to 
see that the bolts are an easy flt, and afteiwards that they do not break or strip 
the thread. 

Gaskets cut out of sheet packing may be used where they are not liable to 
blow out, as on exhaust pipes and inside the tongue of high pressure flanges, but 
corrugated copper gaskets are not expensive and are more easily applied and gen- 
erally better, though in some cases the superior elasticity of heavy sheet packing 
may stop a leak, even in a live steam pipe, where copper fails. The hole diameter 
of gaskets should be between the inside and outside pipe diameters. The outside 
diameter should be equal to the inside of the bolt-hole diameter for copper gaskets 
and the outside flange diameter for sheet packing unless tongned and grooved 
flanges are used, in which case it should equal the inside tongue diameter. Tongned 
and grooved flanges may also be packed at the bottom of the groove with asbestos 
or sheet packing. In any case gaskets or packing should have no radial cuts. 

If flange faces are found to leak after the steam is on, the pressure should be 
entirely relieved before attempting to tighten them. If screw threads are found 
to leak they may sometimes be caulked with soft copper wire with the pressure 
on or off as desired. 

Steam Pipe Snpports.»Pipe hanging of the best order is absolutely neces- 
sary iX tight joints are desired. Trouble with vibration is chiefly due to tui-ns in 
the pipe being reacted upon by steam pufllng through the steam main. Pipe is 
best hung from short rigid centers in such a manner that the 4;)ipe may move 
longitudinally under expansion strains due to heat, but not transversely under 
any conditions. Longitudinal vibration will be prevented by the shortness of 
the Buspcnsion radii. 

Where pipe must be hung on a long radius from above, it may be snecessfnny 
accomplished by a three-joint or four-joint suspension with the upper suspension . 
ends well spread apart. The suspension rods should have turn buckles and must 
be provided with means to prevent their transverse vibration if they axe very long. 

Separators, Engine Drains, Etc.— Separators for oil or water depend for 
their success upon a few simple conditions. On the live steam side they shooldbe 
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placed as close to the engine as i>osBible. In case dry steam is expected from the 
boilers, they should be pretty cheap, bnt if the boilers are expected to prime, no 
desirable quality should be omitted. Of course, in any case theco ia no nse for 
them if they will not separate, but the cost is mainly dependent on the capacity 
and naturally this need not be so large where water is but a possible contingency 
as where it is a probable one. Large separators, if they can be placed near the 
engine, undoubtedly equalize the pressure and thereby help the speed regulation. 

The qualifications of a good separator are that, in entering it, the steam shall 
immediately change its direction of flow and reduce its Telocity. The water or oil 
having greater specific weight will not change so rapidly and may therefore be 
thrown to surfaces down which they may mn to a receiving chamber. In doing so 
they should not leave the surface or be blown along it into the current of steam. 
After reaching the receiving chamber they should be protected from violent 
waves or rotary motion and preferably also from contact with the steam current. 
An ample chamber and drain should be provided in steam separators to take care 
of sudden large quantities of water which may come over by priming. 

One of the best precautions against water troubles is 20 dogs, to 40 degs. Fahr. 
of tnperheat In the steam. Pipe coverings help, but condensation in the pipes is 
not A great source of danger unless it is allowed to collect. The chief trouble is 
due to the gradual collection of water in improperly drained pipe, and the carry- 
ing over of large clots of water from a boiler which is priming. In general, pipes 
should not rise vertically in the direction of flow. If it is necessary to do so, a 
separator should be placed on the horizontal mn as near the riser as possible. 
In exhaust pi lies a drain pipe may be used instead of a separator. Pipes should 
never rise gradually in the direction of flow, as it is impossible to drain thcm« 
though they may slant downwards without harm. Particular care has to be 
exercised with fittings, particularly reduction fittings, to ensure that they do not 
partially pocket a run of pipe. The fitting pockets, themselves, should be, and 
generally are, small enough to be immaterial. 

Drainage is usually accomplished by pipes ^ iu. to 2 in. diameter. 1-in. pipes 
will care for a good deal of water; and it docs not pay to make them too big on 
account of the cost and radiation. Live steam drainage pipes, which are continu- 
ously in nse, should be covered; they should also be blown out with live steam 
every six months. They should be provided with valves wherever necessary, bat 
these valves should be periodically inspected to see that they are hard open 
wherever they should be. In condensing engines the cylinder drain cocks must 
be piped to the exhaust pipe. In non-condensing engines they may be piped to 
the exhaust or to waste; never to the drainage system as the water contains oil. 
As such pipes carry more or less oil they should be of ample size. Where the 
steam pipes descend to the engine they should have a small drain pipe, about J^in., 
with a valve Just above the throttle to take out the condensed water in the pipe 
before the throttle valve is opened. The same applies to the steam chest drips. 
With condensing engines the exhaust pipe should drain itself into the condenser, 
which should be located below the lowest point in the pipe. With non-condensing 
engines where the exhaust pipe is not self-draining, there should be 9^ in. to 1 in. 
drips to waste just before the rise, and at the lowest joint of the pipe if there is 
any other; these drips should not have valves. 

Automatic cylinder relief cocks should be drained by l^in. to 8^-in. pipes 
to waste to that the drain may be observed from time to time to detect undue 
leakage at the cocks. The cylinder steam jackets, and the receiver coils of com- 
pound engines, where the latter acts as a reheatcr should also be drained. 

Borne anaagements must be made to take the water from the live steam pipes 
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wifhoat opening them to low preisnirefl. One or two traps of large capacity. Into 
which all pipes drain, should be connected with high water alarm whistles and 
hand by-pass valves. The ** steam loop,** especially aa modified in the ** Holly 
System/' gives a positive method. 

The plain steam loop shown in Fig. 195 draining a separator, operates as 
follows: The pressure in the separator being supx>osed to be 95 lbs., and tLj 
boiler pressure 100 lbs., water will rise in the "drop leg" \\\^ ft. above the 
boiler water level so as to balance the 5 lbs. pressure diiTerence. Steam enters 
the '* horizon tar* from the separator and is condensed by radiation, tbe water 
flowing down the drop leg. More steam rushes up the "riser** to fill its place 
and in doing so entrains water from the separator with it. The whole goes to the 
"horizontal *' where the steam is condensed. Thus the action is continuous. It 
will be noticed that the condensation In the horizontal being small, the resulting 
action is correspondingly weak. Also that If the separator becomes filled by a 
sudden flow of water so that the steam cannot reach the riser, the drainage will 
•top. This is the vital objection to the simple " loop." 




FlO. 196.— PLAZX BTBAK LOOfT. 



Fig. 196 shows the " Steam Loop and IloUy Gravity Return System," which is 
a modified steam loop suitable to practical conditions. A shows the receiver, 
placed below the lowest point to be drained, into which all drainage water flows 
by gravity, and which is of sufficient capacity to care for sudden large quanti- 
ties. / is preferably but not necessarily the highest point to be drained, not 
much below boiler pressure, and is likely to have condensation water most of the 
time. This water flows through the suction T, Z, which, on the injector princi- 
ple, helps to draw water through the header ir-2 from such points as may not be 
so favorably located as A The water in A passes partly through the perforated 
plate, //, and as steam rushes up the riser, C, it has to do so through the perfor- 
ations over the water surface, which materially assists it to entrain water and 
carry it through the T, <?, into the discharge chamber, B^ which is in reality only 
the top of the drop leg, D. 

There is no " horizontal ** in this system, u #., no arrangement for the con- 
densation of steam by radiation within the system itself; but instead the pipe P , 
takes a small continuous supply of steam to some place where it can be used. 
Qeneially the only place where it can be used continuonsly is the feed water 
heater, and usually there is but small return for live steam put in there. If ths 
boiler feed pump pumps cold water, a little may generally be fed through the 
pipa /^8 aad tha ** spray '^ Into B^ which then acts as a condenfer aad draws tba 
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water up higher in Z>, and the eteam rapidly np C, without experiencing the loss 
previously mentioned. A is equipped with eight gage and loud alarm whistle; 
i:-2 and JS should be furnished with atmoGphcric discharge valves and pipes for 
emerp;ency use; the pipes E-Z should have valves close to the header. All valves 
ezccpt checks should be gate valves, PX is a reducing valve, /'-S, a three-way 
valve, 7^ is a check valve and the starting valve shown is for blowing out air. The 
boilers should be interconnected by a steam pipe of ample size to equalize their 
pressure under all conditions. After the system is once properly started it will 
run indefinitely without attention. 




FlO. 196.— HOLLT LOOP. 



Coverlnffs.— Steam pipe losses result from friction of the pii>e walls, bcndi and 
yilves, and from radiating heat through the walls of the pipe ; but when either of 
these losses are reduced in the dimensions of the pipe, the other is increased. As 
the radiation can be decreased largely by insulating the pipe, these losses cannot 
be equalled for the least profitable investment.- There is no inconsiderable loss 
from conduction through supports and connections in any steam main; an engine 
indicator connected to It will show the variations of steam pressure for different 
steam demands, which can he judged from main ammeter readings. If the volume 
of fteam contained in the header is known, the efCectlveness of the insulation to 
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DmSKSIONS OF STANDARD WEIGHT WROUGHT-IBON PIPB. 

VA **id smaller, proved to 300 lbs. per square inch by hydranllc pressure. 
IJi and larger, proved to 600 lbs. per square inch by hydraulic pressure. 



Kominal 

Inside 

Diameter, 


.Actual 

Outside 

Diameter. 


Thickness 


Actual 

Inside 

Diameter. 


Weight 
J^t. 


Threads 
per 
Inch. 


Taper of 
Threads 


laches. 

! 


Inches. 
0.403 
0.64 
0.675 
0.84 
1.05 


Inches. 
0.088 
0.088 
0.091 
0.109 
0.113 


Inches. 
0.307 
0.364 
0.494 
0.C23 
0.824 


Pounds. 
0.348 
0.242 
0.561 
0.845 
1.126 


Number. 
87 

18 
18 
14 
14 




i^ 


1.815 
l.M 
1.90 


0.184 
0.140 
0.145 


1.048 
1.880 
1.611 


1.670 
2.258 
2.004 




^ 




2.875 
2.875 


0.154 
0.204 


2.067 
2.468 


8.600 
6.778 


'J« 




8 


8.50 

4.00 


0.217 
0.220 


8.067 
8.648 


7.547 
9.056 


8 
8 


i 


4 


4.50 
5.00 


0.287 
0.247 


4.026 
4.S08 


10.66 
12.84 


8 
6 


5 

6 

7 


^.668 
6.625 
7.&J5 


0.250 
0.280 
0.301 


5.045 
6.065 
7.038 


14.60 

18.767 

23.27 


8 
8 
8 




8 
9 
10 


8.625 
9.625 
10.76 


0.K12 
0.844 
0.866 


7.982 
9.001 
10.019 


28,177 

88.70 

40.06 


8 
8 
8 




. 


11 
1-2 
13 


12.00 
12.^5 
14.00 


0.875 
0.875 
0.875 


11.25 

12.000 

13.25 


46.95 
48.08 
53.92 


8 
8 
8 


i 

I 


14 


15.00 
16.00 
18.00 


0.875 
0.875 
0.375 


14.25 
15.25 
17.25 


67.89 
61.77 
60.66 


8 
8 


. 


20.00 
29.00 
24.00 


0.375 
0.875 
0.875 


19.25 
21.25 
23.25 


Tr.57 
85.47 
93.37 




a 




< 



radiation can be obtained bycloslns: the connectinj? valves from the boiler and 
to the en;:ine, and noting the fall iu pressure, and the time that will give for the 
header its rate of radiation. In order that this test be reliable the valves must be 
tested for steam tightness. The valve losses from radiation in steam piping are 
consideiable; in a plant with an output of 4200 hp., non-condensing, the losses 
were as follows: Condensation and conduction, .86 per cent; leakage, .83 per 
cent; total lbs. of steam per hour lost, 6GO0 lbs., at au annual cost of production 
of $1120 per ycir. Another plant of 2100 indicated horse-power, condensing, 
showed .83 i^cr cent leakage only. 

The condensation loss may be roughTy approximated as equal to .66 B. T. I;, 
per hour, per inch external diameter, per foot of bare pipe, per Fahr. degree 
tumpcrature difference between the pipe and air. The loss per square foot per 
boor per Fahr. degree temperature diUcrence is about 2.1 B. T. U. Actually, as 
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DUCENSIONS OF KXTSA 8TBOXO WBOUOHT-IBOK PIPIB* 



Komlnal 


Actual 


Actual 




Nominal 


Inside 


Inside 


Outside 


Thickness. 


Wd^ht^p, 


Diameter. 


I>iaxneter. 


Diameter. 




Inches. 


Inches. 


Inches. 


Inches. 


Ponnda. 


i^ 


.20 


.40 


.10 


.89 


'',. 


.29 


.54 


.18 


.54 


% 


.42 


.67 


.18 


.74 


% 


- .54. 


.84 


.14 


1.09 


K 


.98 


1.05 


05 


1.68 


1 


.95 


1.81 


.18 


8.17 


14 


1.27 


1.66 


.19 


8.00 


1» 


1.49 


1.90 


JW 


8.64 


t 


1.98 


8.87 


.28 


5.08 


^i 


8.81 


8.87 


J38 


7.87 


8 


8.89 


8.50 


a» 


10.25 


8^ 


8.36 


4.00 


SSL 


18.47 


4 


8.81 


4.60 


.84 


14.97 


4^ 


4.25 


5.00 


.85 


17.60 


B 


4.81 


5.56 


Xt 


80JS4 


6 


5.76 


6.63 


.48 


88.60 


r 


6.62 


7.68 


.50 


87.60 


8 


7.50 


8.68 


.66 


47.85 



IBOK PIPB SIZSS OF SBAMIiESS DRAWN BBASS AND 
GOPPEB TUBES. 

Will thread to lit Iron pipe fittings. 











Approximate Weight per Pt. 


Iron Pipe 


Inside 
Diameter. 


Outside 
Diameter. 


Length Peet, 
about. 




Size. 














Brass. 


Copper. 


H 


.27 


li 


12 


.80 


.81 


•■/, 


.36 


V 


K 


.48 


.45 


1 


.49 


1 


12 


.58 


.61 


1 


.62 


1 


12 


.80 


.84 


s 


.82 


lA 


12 


1.17 


1.28 


1 


1.04 


^1^ 


12 


1.87 


1.75 


IK 


1.88 


^H 


12 


8.42 


8.54 


i» 


1.61 


1^ 


18 


8.98 


8.07 


8 


8.06 


^ 


12 


417 


4.88 


fH 


8.46 


18 


5.00 


6J» 


8 


8.06 


m 


18 


8.00 


a40 


syi 


8.50 


4 


18 


10.00 


10.50 


4 


4.02 


4H 


18 


12.00 


18.00 


6 


5.04 


6.5b 


8 to 10 


15.08 


17.80 


6 


6.06 


6.62 


6 to 8 


20.69 


83.88 


7 


7.02 


7.62 


Special 


86.28 


87.77 


8 

^ 


7.98 


8.U2 


Special 


29.88 


88.69 
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PomuU of Steam Condensed per Honr per Foot of Covered Ptp€b 

Corerini^ 1 Inch thlelc, havlni^ oondactl-vlty of ^ 

Temperature of Air 80 defirs. Fahr« 



External 
Diam. of 












iSiS;. 


80 


100 


120 


140 


160 


180 


800 


1 
t 
S 


.050 
.101 
.151 


.054 

.108 
.162 


.057 
.114 
.178 


.060 
.120 
.180 


.068 
.123 
.188 


.065 
.180 
.196 


.087 
.184 
.808 


4 
5 
6 


.208 
.252 

.aos 


.218 
.269 
.828 


.229 

.286 


.239 
.299 
.86 


.250 
.312 
.88 


.260 
.825 


.860 


1 

9 


.85 
.40 
.46 


.88 
.48 

.48 


.40 

. .46 
.51 


.42 

.48 
.i>4 


.44 

.."SO 
.56 


.45 

.52 
.58 


.47 
.54 

.61 


10 
14 


.50 
.GO 
.71 


.54 

.66 
.76 


.57 
.69 
.80 


.60 

.72 


.68 
.75 
.88 


.65 

.78 
.91 


.87 
.81 

.94 


16 
18 
80 


.81 
.91 
1.01 


.86 

.9r 

1.08 


.91 
1.08 
1.14 


.96 

1.08 
1.20 


1.00 
1.18 
1J25 


1.04 
1.17 
1.80 


1.06 
1.81 

1.84 


22 

84 


1.11 
1.21 


1.19 
1.29 - 


1.26 
1.87 


1.82 
1.44 


1.88 
1.60 


1.48 
1.66 


1.48 
1.61 



ECOKOMT DUS TO SUP£SHEATED STEAM. 



Amonnt of superheat 

Boiler pressore, gajfe 

Temperature of superheated steam 

Indicated hp , 

Lbs. of steam per lb. of coal 

Lbs. of steam ))er 1 hp-hour 

Lbs. of coal per 1 hp-nour 

Per cent saym2 in steam due to superheating 
- .* t« u *i coal " ** " 




l?6.9«»lf. 
94. 

460.4«F. 
602.3 
6. 

16.61 
8.518 
80.9 
80l1 



the pipe temperature increases, the loss increases a little faster. Another method 
of comx>aring the value of diHercnt cover;n;;3 \z to have a cone of hoat-insulatlng 
material fitting over tho pipe surface to be teste 1, and with the same steam tem- 
perature for the different samples measure the rate of rise of temperature In the 
air space inside the cone. The loss from covered pipes dopends on the thickness, 
kind and quality of the covering and somewhat on the extent to which it is con&« 
pressed. 

Coverings in common use are carbonate of magnesia and asbestos, the latter 
being Bometimea combined with other materials such as hair and woolen felt. A 
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little aibestoe is nsnally put in magnesia coverings to bind the material. So called 
^'Kagnesia Coycrins " is nsually 1 la. thick np to 13-in. pipe, over wMch it runs 
1^ ins. to V^ ins. in thickness. This coverincr contains practically no ma^ncGlo. 
The loss for two samples having a small percentage of good asbestos was .65 and 
.87 D. T. U. per sq. ft. per hour per Tahr. degree temperature difference, /. r., 
the loss was 81 per cent to 41^ per cent of uncovered pipe. The latter value was 
for the denser sample. 

Pare asbestos generally gives the same or a trifle (greater loss than bare pipe. 
•*AIr Cell Asbestos " about eqaals " llagnesia Covering." Tlio following tests of 
commercial coverings were made by Geo. ^I. Brill and reported in Trans. A. S. 
M. E., Vol. XVL, page 827. A length of CO ft. of 8-in. steam pipe was nsed in the 
tests, and the heat loss was determined by the condensation. The steam prcsaure 
was from 109 lbs. to 117 lbs. at the gage, and the temperature of tlie air from 
5S degs. to 81 degs. Fahr. The difTerence between the temperature of steam and 
air rsQged from 2C3 degs. to 286 degs. , averaging 273 degs. 

BBPOBT OF TiiJSTS OX STBAU PIPB COTEBINGa 

(G. H. Brill.) 



Xno ov CkyyxBXKo. 



II 
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til 
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Bare pipe.. 
Magnesia . . 
Bock wool . 



Klneralwool 

Fire-felt 

iCanville sectional.. 

I Maar.sectfthalrfel^ 
M auville wool-cement 
Champ, mineral wool, 

Hair-felt 

Biley cement 

JTossU-mcal 



1.25 
1.60 

1.80 
1.30 
1.70 

8.40 
8.20 
1.44 

.82 
.75 
.75 



.846 
.120 
.080 

.069 
.157 
.109 

.066 
.106 

jm 

.132 
.298 
JW5 



12.27 
1.74 
1.16 

1.29 
2.28 
1.50 

0.90 
1.56 
1.44 

1.91 
4.82 
8.99 



2.706 
.884 
.256 

.285 
.502 
JOuO 

.818 
.845 

.817 



.953 
.879 



.728 
.766 

.757 
.689 
.787 

.780 
.788 
.747 

.714 
.548 
.571 



100. 
14.2 
9.5 

10.5 
18.6 
12.9 

7.8 
12.7 
11.7 

15.6 
85.2 
82.5 



2.819 
.400 
.267 

.297 
.528 
.564 

.221 
.859 
.880 

.4« 

.916 



Xhdiaiist Plplngr*— In long exhaust pipes, radiation is very objectionable, 
for the steam becomes ladened with the condensed moisture and the weight 
opposed to the engine exhaust is greater. Bvery pound of pressure lost in this 
way cuts o£C just so much from the bottom of the indicator card and calls for a 
higher steam supply to do the same work. It is therefore imperative that this 
k>S8 should be kept down as far as possible in exhaust pipes. In condensing 
engines the exhaust pipe may generally be made comparatively short, though the 
M. E. P. of condensing engines is rather lower than in the non-condensing type. 
The 1068 •honld be a function of the length of pipe, and in either ^pe of enciaa 



ELECTRIC RAILWA Y ITAND BOOK. 



a55 



Blionld not exceed 1 lb. per 100 ft. actual ran plas \i lb. In exhaaflts over bnlld* 
in;:s the weight of the steam colomn must be added to the.back prcsenro, and the 
size of ezhanst pipes will show economy for larger sizes than the formula for 
live steam pipe Indicates. An exhaust connected to a vacnnm must be air tight 
in order that the condenser will not fail at full load. 

Xlxliaiist Heads should be placed on atmospheric exhaust pipes where the 
noise or water and oil cf exhaust are objectionable. Cases have occurred where 
the exhaust pipe opening; over the building roof and only one or two en;;;lnc8 
running, the roof and floors below have been set into periodic vibrations by the 
varying air pressure over the roof. The exhanst head is in principle a good deal 




mrsBmm 
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FlQ. 197.— TYPES OF XXHAUST HBAOS. 



$i/hf 



like a separator. In so far as the separation of fluid is concerned; the redaction of 
noise is accomplished by the reduced velocity of the steam from the end of the 
cone and also by the steam chr.inber action similar to the air chamber principle 
in water pumps. Fig. 107 shows several types of modem exhaust heads. 

EXHAUST-STEAM CONDENSERS. 

The Jet Condenser.— This consists of a chamber into which the exhantt 
steam and a jet of cool water arc conveyed, tlie exhaust steam being condensed 
by actual mixing with the latter. The volume of this cordensing chamber ie 
ordinarily from one-third to one-half that of the cylinder of the engine. 

The water of condensation acting directly upon the steam will make a given 
lowering of temperature of the exhaust steam with less weight of water and less 
bulk and weight of condenser. To condense steam requires from twenty to 
thirty times the weight of water in cool seasons or climates, and from thiity to 
thirty-five times with warm water, as shown by the table on opposite page. 

Where the condensed steam is to be pumned back into the boiler, the Injection 
water goes with it; therefore it must be water that is not objectionable for use 
in boilers. 

The total beat contained in 1 lb. of steam as it leaves the low pressure 
cylinder of a eondensing engine, is about 1138 B. T. U. above that contained in 
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iSaXPABATVnS WEIGHTS OF INJECTION WATER AND STE A]l£. 



Temperstare of 
UotWeU. 



CorreBpondlr^ 

Back-Press, iu 

Cylinder. 



Temp, of Injection Water, Fahr. 



40 



60 



60 



80 



90 



Degs. Fahr. 



Lbs. per sq. Inch 



Hatio of weight of inject!on water to weif^ht 
of steam. 



100 
110 

lao 

180 
140 



0.94 

1.^7 

1.68 
2.21 
2.88 



17.8 


21.4 


268 


85.7 


6*^.5 


15.1 


v.r 


21.3 


26.5 


85.8 


13.1 


15.0 


17.5 


21.0 


263 


11.6 


13.0 


14.9 


17.3 


20.8 


10.3 


11.4 


12.9 


14.7 


17.2 



107.0 
63.0 
85.0 
26.0 
20.6 



1 lb. of water at S2 degs. Fahr. and the weight of water required to condense this 

tteamlB , "88 + ^^+ 7^ = - "JPjf^^ where T is the temperature of the hot 

well, and / the temperature of the injection water, Tia usually from 100 degs. to 
120 degs. Fahr. 

Mr 

The area of the injection pipe is approximately .^ where ^Is the weight 

1304/^ 

of injection water required per minute in lbs. and A the head of water in feet. 

The Surface Condenser.— This type difTers from the foregoing in the fact 
that the exhanet steam is not mixed or brought in actual contact with the water 




Fig. 196.— method ov bsouriko tubes m bubfach ogndeitseiis. 



^hich condenses it. In the surface condenser the Pteam is separated from the 
cool water by metallic partitions or tubes, the ordinary arrangement beiog topaas 
the cool water through brass tubes around which the steam is caused to circulate, 
or vice versa. The condensing surf ace required is usually from 1^ to 8 square 
feet per indicated horse-power. 

The surface condenser, while more- heavy and bulky to handle for cooling a 
given weight of steam discharged as exhaust, can be used with any kind of water. 
The condensed steam can be used again In the boiler, but the effect of distilled 
^ater is to increase the corrosion in the boiler, and from 10 per cent to 12 per 
cent of its weight of fresh water has to be added in order to reduce this effect. 



ELECTRIC RAILWA Y HAND BOOK. 



«57 



Oil mnst be separated from the eteam, and oil sepaiators should be need In the 
exhaust steam main before it enters the condenser. Tills method is useful wher 
the only available water containa aolid matter, salts or acids which would 



TOWt^ 




vmwstUL 



comwATOL 



AWenOM TAMK 
FlO. 199.— BXLrSXMLIKO OOHDBNBBB. 



injurious to the boilers. The same water is used over again and so the steam 
circuit is practical Ij a closed one. 

The brass tubes of the condenser are solid drawn, and are generally tinned 
outside and inside. They vary in diameter from ^ j in. to 1 in., but generally are 
% in. outside diameter. Such tubes are about .048 in, in thickness. 
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The tabes are generally eccnred to the tabe plates by screwed glands and 
staffing boxes, packed with cotton cord or a rin:;^^ thick tapes, as shown in 
Fig. 198. They are placed sl^zag, and their pitch measured from center to 
3enter, may be from 1.5 to 1.7 their diameter. 

The thickness of tube plates equals the diameter of the tubes in inches, pins 
in. 




FlO. SOO.— BTPHOir OR INJECTOR CONDXNSBB. 



In the surface condensers of modern triple ezxmnsion marine engines the 
amonnt of cooling surface is from 1.1 sq. ft. to 1.5 sq. ft. per indicated horse- 
power. Prof. TThitham^s rule for the amount of cooling surface is : 
Where S equals cooling surface in sq. ft. 

nr •• wcisht of steam to be condensed per hour in lbs. 

T ** temperature of steam to be condensed. 

/ ** mean temperatnro of circulatln? water which is the 

arithmetical mean at iuitial and final temps. 
X- ** latent heat of steam of temperature 7\ 
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Then 5" =3 



WL 

180 (r—/) 



If r equals 135 degs. and / about 75 degs., then S = 



180 



Theamount of cooling water required is determined in the same way as for 
jet condensers, except that it must be noted that the temperature of the cooling 
water as it leaves the condenser is not the same as that of the condensed steam. 
The formula for determining this weight Is as follows: 

Where H = total heat in 1 lb. of steam above that contained In 1 lb. 
of water at 82°. 
T = temperature of condensed steam. 
/ = " of circulating water as it enters condenser, 

/x = " of circulating water as it leaves condenser. 

W— weiprht of circulating water (in lbs.) required for each lb. 
of steam condeuHed. 
^4-82— T 



Then W^ 



t.-t 




FXO. 201.— IN^OTOB C0NDXK8XJI WITH FUJfP. 
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Self-CooIIngr Condenner.— This type, Bhown In Pig. 190, consists of twc 
parts: the condenser In which the exhanst steam of the main engine, or engines, 
is condensed, and the tower in which the heated discharge water from the con- 
denser is cooled to proper temperature, to be used again in the'condenser for the 
further condensation of the exhaust steam. As this process is carried on contin* 
nonsly, only a very small supply of circulating water is required. 

The heated water falling through the tower is cooled by three processes : first, 
radiation from the side of the tower; second, the contact of cool air; and third, 
evaporation. The cooled water falls from the grating to the subsiding tank at 
the bottom, and is from there drawn by the condenser to be again employed in 
condensation. The current of air is passed through the tower by a circulating 
fan. 

The Siphon or Injector Condenfter.— This condenser is shown in Flj:. 
900. The exhaust steam receiving a downward direction in passing through the 
goose neck at the top of the apparatus passes through an inner cone, surrounded 
by an annular cone of water. The steam is condensed in this conical space, and 
falls with the injection, whose velocity is so graded by the cross section of the 
condenser that air in the injection is entrained and has no opportunity to remain 
in the space where the vacuum is. The Bmall vacuum cone lieing continually 
filled and emptied prevents the trouble from air. There is no air pump, but the 
injection pump is required as before. Where a height of water of ft. to 12 ft. 
above the hot well is available a natural flow of water can be used instead of the 
supply pump. 

The Injector Condenser with Pump.— There are many places wuere 
the height required for the long leg or siphon of the barometric condenser is 
inconvenient. ITiis has given rise to a design of condenser, Fig. 201, in which the 
small bulk of the injector and its efficient action are combined with a pump to 
maintain the vacuum by continually drawing off the water and the air. Th^ 
exhaust steam enters through the inlet B^ which is controlled by an inner pipe C, 
that carries a deflecting nozzle D ; this throws the injection in a finely divided 
state into the annular exhaust steam passage /% and the*air pump below continu- 
ously draws off the water mixed with air, to which a higher velocity is given by 
reducing the cross-section, so that the bubbles of air once caught in the watw 
have no chance of rising into the vacuum space below D» 

STJEAM TUBBINBS. 

There are many ways of classifying steam turbines. They may be classified as 
axial or radial flow, as the flow of the fluid is axial or radial ; as impulse or reaction 
turbines accotding as the pressure in the space between the fixed blades and the 
moving blades is the same or greater than that at the exit, etc. 

The maximum efflciency can be obtained, only when superheated steam in 
connection with a condenser giving a high vacuum is used. 

Superheated steam prevents water hammer which is detrimental to the blades, 
and more over tests have shown an increase in efllciency of about 10 per cent 
for each 100 degs. Fahr. superheat, through the load range. 

A test on a 2,000 k.w. turbine, carrying 1,800 k.w., showed that when the vacnnm 
was raised from 26 to 27 ins. the economy increased 6.2 per cent, and when still 
farther raised to 28 ins., the vacuum increased to 6.75 per cent 

The turbine requires facilities for superheating and abundant water for condens- 
ing. The ratio of the weight of condensing water, to steam condensed is often as 
high as 70 to 1, depending upon the temperature and the adaptability of tlM 
r to this special class of dnty. 
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Coanter cnrrent condenBera show the best results. The steam spaces between 
the tubes should be large, and the ratio of cooling surface to pounds of steam should 
be 1 to 8 or better. The condenser should be located as near as possible to the 
turbine and in some types it is practically a part of the turbine. 

Turbine speed /. ^., the peripheral speed of the wheel must be high in order to 
produce an economical use of the steam. The blades may form an integral part of 
the wheel or are recessed into the rim and held in position against the impact of 
the steam by steel lacings passing through the blades and binding them together. 

The great stresses which these wheels are subjected to by centifugal force, and 
the reaction from steam pressure necessitate the most careful selection of material 
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Fig. 201- A 



One method of construction now used in turbines for street railway work is to 

have the generator located directly above the turbine and the rotating x>arts sup- 
ported by a balanced thrust bearing. 

Some general data of these turbines is given below: 

OutputK.w 15 500 1,500 1,600 5,000 

devolutions per minute 8,000 1,800 1,800 800 600 

Weight with dynamo 1,830 86,1(>0 94,800 121,260 886,800 

The governing may be done in several ways, each of which has its own peculiar 
characteristics. Some are controlled by ordinary throttle governors, and others 
by electrically or hydraulically operated valve mechanisms which are designed to 
do away with the loss due to wire drawing. 

The relative floor space occupied by a turbine and a equivalent reciprocating 
engine, in this case of 2000 k. w. units, is as follows: A three cylinder engine 
88 in. z 68 in. z 58 in. x 54 in. driving a 2000 k. w. generator, occupies 1230 sq. ft. of 
floor space or 0.61 sq. ft per k. w. An equivalent Parson torbine generator unit 
838 sq. ft. or 0.17 sq. ft. per k. w. This diHerence will be gre^itly in favor of paying 
higher prices for property, which is located near the most economical center of dit- 
tiibution, also the head room required for crane facilities are less with the torbine. 

3?li6 time rc^uiied to start «ind (get on t)ie line witb a steua tvbiaidiiQlainiedlte 
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be less than fhAt with an eqalvalent CorlisB engine. Starts from rest to phasing in 
being made in one minute to one minute and a half. The safety in a quick start 
lies in the clearances between the blades and casing, these clearances can be made 
from ^ in. to A in., it is claimed, without interfering with the steam economy. 
The starting of a Corliss engine of quivalent capacity from a standstill to full 
speed, if hot all over, requires at least five minutes. A by-pass to hea! a turbine 
before it is required to be put in operation is a safety precaution if it can be 
arranged to get rid of all entrained water. 

There is no available data for the all day efficiency of steam turbines operating 
under railway loads, but test runs show an economy slightly better than Corliss 
engines operating under the same loads, but in order to excell the Corliss engine 
both superheating and higher vacuum are necessary. 

TESTS OF WESTINGHOUSB-PABSONS TURBO- GEBTEBATOB. 
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OS 



Ko. 



Date. 



Jan. 27 

" 28 

Feb. 1 

May? 
" 8 
" 9 
" 12 
" 18 



p- 




-5m 


1 


748 


886 


1667 


\m> 


1906 


2186 


471 


7») 


888 


980 


1871 


1570 


834 


940 


864 


520 



680 
1480 
1900 
810 
750 
1110 
660 
150 



156.5 
1.M.3 
155.4 
121.8 
152.6 
151.9 
168.2 
153.1 



30.7026.22 

30.73 

30.27 

29.86 

30.04 

29.81 

30.26 

30.06 



00 
26.91 
26.62 
25.83 
26.26 
27.26 
27.40 





40.08 
41.56 
19.10 
32.90 
32.10 
35.40 
29.00 





61.34 
55.05 

.00 
47.50 
38.60 
45.10 
45.00 



5H 





19.86 
32.45 

3.60 
12.00 
12.50 
20.10 

2.50 



24.18 
16.15 
14.43 
23.97 
19.90 
16.46 
18.50 
26.10 



11 

M 

20.3 
19.10 
81.90 
26.58 
21.94 
24.60 
33.47 



Fig. 201a shows curves plotted from the efficiency test of a 1500 k. w. turbine 
working with steam at 160 lbs. pressure per square inch. 

GAS ENGINES. 

These are used successfully in several railway plants, and, where the gas is used 
directly from the holder without distribution expense, they show a hi<^h thermal 
cr.lciency, and their cost of operation per kw-hour compares favorably with a 
etcam plant. A multi-cylinder engine is necessary in order to give constant 
voltage, the ily wheel has to be large, and the capacity of the generators should 
be considerably under the capacity of the gas engine. In gas engines the con- 
sumption of coal gas may be taken at 20 cu. ft. per 1 hp-hour, 24 cu. ft. per brake 
hp-hour. With engines of 100 hp the equivalent coal consumption was 1.1 lbs. 
of coal per hp-hour, and the mechanical efficiency, 85 per cent; this improyw 
witb larger engines. 

WATER POWER. 

The value of water power for railway work depends upon the supply being 
ample at all times and seasons to operate the whole load. Small water powers, 
d^ a vaiiable Knpplenientary, do not often show aa economy sufficient to encoor- 
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age their development, whore the location is not adapted to directly supply the 
railway system. The water flow should be measured at that season of the year, 
which has the lowest flow for the water shed drained by the stream. In order to 
determine the flow of water in an open stream, where the channel has a fairly 
uniform depth and width, twelve to twenty equidistant measurements across the 
channel should be taken from the bottom of the channel to the surface of the 
water; their sum divided by their number will give the average depth. 

The velocity of the flow of M-atcr can be measured by the time required for a 
float to pass between two parts located 100 ft. apart. As the surface of a stream 
at the center moves approximately 88 per cent faster than the sides and bottom, 
certain allowance has to be made. The cross section in feet multiplied by the 

lUESUIiTS or TESTS ON A "CTTLINDER GATE" TICTOB 
TURBINE. 





Head 


Rovolutfons 


Cubic Feet 


IIorHe 
Power 


Percentage 


SizB or Wheel. 


in 


of Wheel 


Water 


develoixjd 

by Wheel. 


Useful 




feet 


per minute. 


per minute. 


Effect 


80-inch Fnir Gate.... 


17.M 


168 


4440 


119.56 


81.85 • 


^A **•••• 


17.82 


1G3 


3802 


104.93 


80.03 


9^ ** 


17.95 


163 


8:^02- 


88.2i 


76.08 


S 4* * [ ' * 


18.10 


155 


2^-93 


70.97 


71.28 


^ *' ^•• 


18.20 


159 


22(15 


51.42 


68.40 


86-iuch Fnll Gate .... 


16.78 


185 


6106 


158.18 


81.80 


\k " • • • • 


17.14 


135 


5422 


141. r,8 


80.71 


la ** . . 


17.35 


140 


4708 


118.22 


76.C8 


1 ii **!... 


17.05 


129 


89r2 


91.62 


71.60 


18 **..-. 


17.48 


134 


8.02 


66.87 


63.30 


89-inch Fnll Gate.... 


14.66 


116 


6878 


152.66 


80.37 


\^ " • • ■ • 


14.53 


118 


60;2O 


129.41 


79.80 


M ** • • • • 


16.84 


125 


6517 


135.56 


77.40 


% " • ■ • • 


ir.06 


123 


4095 


108.22 


71.67 


H " .... 


17.89 


124 


88o6 


81.00 


64.07 


48-inch Full Gnte.... 


18.23 


91 


10079 


801.71 


80.11 


' '6 '* • • • • 


14.;:6 


89 


9042 


192.41 


78.43 


'la ** .... 


14.7'5 


89 


78G9 


165.28 


t5.84 


' w *' . . 


14.57 


85 


6714 


1.S2.78 


70.Q6 




16.28 


87 


5526 


100.66 


6:3.09 



velocity in feet per minute, will bo tho discharge In cubic feet per minute. By 
taking levels to obtain the height of fall that can be secured, and multiplying this 
height in feet by the cubic feet per minute, multiplied by C2.8(> lbs. (the weight of 
1 cu.'ft. of water at 60 dcgs. F.) and dividing by 83,000 the gross horse-power of 
the water power can be obtained. 

In estimating the recoverable water power, allowances have to be made for 
the turbines of from 75 per cent to 85 per cent efficiency at full gate. There is also 
loss of head due to weirs, and the necessary drop to produce flow in the flumea 
and raceways, and in addition the suction effect on the turbines in a penstock ia 
sometimes reduced by the presence of air decreasing the draft tube effect. AIl- 
these losses combine to reduce the possible recovery of power and 4bQUl4 be gi^Of 
ample allowances in estimating water powers f<ir railway .work, . . 
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Tarblnes, etc.— The power obtained by turbine wheels is due to the Impact 
of the water asainst the curved backets attached to the rotating shaft. The form 
and angle of ihese buckets and their spacing varies with the different types of 
tarbinep. 

For heads above 100 ft., the Pelton wheel can be used effectively, and the 
regulation by a deflected nozzle responds mucli more readily to the load chaneret 
than in the case of turbines, where the regulator opens and closes the pate and 
alTocts the flow of water through the turbine. Automatic regulators, however, 
have been made for turbines, which give very satisfactory results for railway 
work, if close attention i9 given to their adjustment 

Overshot wheels, due to their large inertia value, show some points in favor 
of their use in railway work for small plants, but their ef3cicncy is so poor aa to 
prohibit their use except where there is an abundant surplus of water. 

The table given herewith shows the results of tests on a Victor Turbine, 
made by the Stilwell-Bierce & Smith-Yalle Co., carried out at the testing flume of 
the Holyoke Water Power Co., Holyoke, Mass. 

THE RAII.WAY GENEBATOB. 

The generator it the most economical transformer of energy in the station, 
and consists essentially, in its simplest form, of two parts : the armature, which 
in revolving Induces a potential in the copper conductors wound on its surface, 
when these conductors pass through or across a magnetic field; and the field 
magnet, whose function is to produce a flux or flow of magnetic lines through 
the revolving armature. The successful design of a generator is the hapry com- 
promise of many conflicting losses, and it is not within the scope of this hand 
book to discuss these complex relations, which can be found fully treated in 
" Dynamo Electric Machinery " by Sylvanus P. Thompson, and similar books. 

Efflciency.—As all losses in the generator appear in the form of heat, the 
temperature is the criterion accepted as a gage of eClciency. The field magnets 
require a certain amount of energy developed by the armature; this varies from 
.75 per cent for generators above 500 kw to 1.8 per cent for 150 kw generators. 
The temperature of the field should not rise more than 80 degs. Cent, above the 
air, the temperature of the air being SO degs. Cent, by the thermometer; or show 
by resistance measurements a resistance greater than that corresponding to 
45 degs. Cent. ; 1 watt per square inch of external surface of field gives a rise 
approximately of 63 degrs. cent, by the thermometer. For field surfaces the ap* 
proximate requirement is 15 sq. ins. per kw output. 

Tlie Field.— A railway generator, is usually compound-wound. In this type 
there are two separate systems of field coils, one is the shunt, which is connected 
across the full potential, and in series with this circuit there is a rheostat for 
varying the current through the shunt coils, in this way changing the magnetic 
field through which the armature rotates. The resistance of this rheostat should be 
sufllcient to bring the potential of the armature, run on open circuit at full speed, 
20 per cent below the normal bus voltage; this requires in diCcrent typos of 
generators a rheostat resistance of from ^ to 2 times the field resistance. The 
other, the series fields, increases the field intensity due to the current from the 
generator passing around the field, and tends to maintain the potential of the 
generator. The generator is over compounded for increasing loads so that the 
degree of compounding required depends on the drop of potential on the distri- 
i^tl9ft systeia w^ch the genef ^t9ir euppU^s, Twenty per cent over componndiog 
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is the nsnal amonnt employed for railway work, bat the componndinj; colls can 
be shunted by a resistance to reduce this effect to any desired per cent of com- 
])onnding. This is the nsnal way that mannfactnrcrs adjust machines for com- 
pounding requirements under £0 per cent. There is a condition arising in 
railway plants extending over considerable territory, where the ^ine drops are 
considerable but not sufficient to warrant a booster, which can be met by having 
the generator wound to give two percentages of compounding. This can be dono 
by opening the shunt coil around the series compounding, and sepateting the 
outlying feeders from the short feeders on the switchboard. It also requires two 
equalizing busses, and the generator can then be operated for a large percentage 
of over-compounding to make up for the line drop and operated Independently 
on the long feeders, which will produce better potential delivery at their ends. 

The watts lost in each field should be equal to the product of the drop acroti 
each field and the current flowing through it. If the fields vary, it is due to 
short-circuited turns on the field or poor connections; the former is usually found 
in overheated shunt fields, and the latter in the series field connections. 

The Armature.— This is composed of discs of thin sheet Iron or steel «•• 
semblcd on the shaft. The modern armature has slots on the periphery of the 
armature body, through which the windings pass. The current density varies 
from 300 circ. mils per ampere to 800 circ. mils per ampere in the ventilated types; 
800 circ. mils per ampere to HOC circ. mils per ampere in the nnventilated types. 

The ventilation in the armature is effected by separating the different groaps 
of discs by an open spider, which allows the air to pass from the interior of tht 
armature body to the exterior^ it being thrown out by centrifugal force due to the 
rotation of the armature. The energy lost In the armature Is due to the resist- 
ance of the armature windings, the internal drop varying from 7 per cent for 
60-kw to 2 per cent for 2000-kw machines. 

The other loss in the armature is due to hysteresis and eddy cnrrents set npin 
its iron which acts as a conductor cutting the magnetic field. These losses 
aggregate from 6 per cent for a 50-kw generator to 2.6 per cent for a 1200-kw 
generator. 

The radiating surface per kw output in armatures should be from SO sq. ins. 
to 18 Bq. ins. in a ISOQ-kw generator. The peripheral speed varies from 8000 ft. to 
8200 ft. per minute. The insulation resistance should be at least from 1 to 8 
megohms, cold, and 1 megohm to 750,000 ohms, hot, and should be subjected to 
an alternating pressure of 2500 volts for 6 minutes without break down. The 
latter test is much more severe when made while the armature is hot. 

The Commutator.— This is built up of a number of segments of copper 
insulated from each other and from their mechanical support by mica. The 
purpose of the commutator is to rectify the alternating currents which are Induced 
In the armature coil when passing from one pole face to the next. The conditions 
of the commutator require that as few turns as possible be connected to the 
brush at the same instant, for, when in this position, the coils are short-circuited 
and a local current circulates through them and the brush bridging the coils. 
The electromotive force, due to the flux distribution in the field and the number 
of bais connected to the coils between pole centers, limits the possible local 
current that can circulate in the coils under the commutator. 

The sparking, which the opening of this circuit produces, Is shown in the 
character of wear on the commutator. A dark bronze uniform color of the 
commutator is the desired surface. Sparking produces bright metallic linee 
juronnd the commutator, or pits the commutator next the mica segment toward! 
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the broflh in the direction of rotation. The terms of nndne and excefislTe 
•parking, as applied to commntation in the generator, are relative and the proi>er 
commutation should be defined by the character of the surface and wear on the 
commutator. The radiating surface on a commutator yaries between 5^ to 8^ 
■q. ins. per kw output 

Bmshes and Bnish-HolderB.— The brushes for railway work are\i8ually 
of carbon. The curvature of brush should be fitted to the commutator so as to 
give uniform wear to the segments and mica insulation. It should be hard 
enough to produce a gloss without cutting, and not soft enough to give a black 
film on the commutator. The brushes must be of uniform density and should 
show a bright contact surface which has the appearance of graphite. 

The loss in potential between the commutator bar and the brush should not 
exceed 1.4 volts at full load, and the current density on the contact surface should 
not esceed 40 amps, per square inch. In early generators there was from ^ volt to 
1 volt loss between the carbon brush and its holder ; this has been reduced by con- 
necting a flexible lead between the brush and its holder, looping out this contact 
resistance and reducing the drop to ^ of a volt or less. The brush-holder should 
be sufficiently flexible to yield to any inequality in the rotating commutator. 
and yet produce a pressure of 1.2 to 1.7 lbs. per square inch of contact surface. 
The movement of the brush-holder to accommodate wear should be such as to 
keep the brush parallel to the wearing arc. The best position of the brushes 
relative to the commutator is generally marked on the rocker, or its position can 
be found on loading the generator, and findiog the point of least sparking for the 
normal load. 

For polishing a commutator use only sandpaper. Have a concave wooden 
segment covering about ^ of the commutator, between the brushes, to which is 
secured the sandpaper, and which is pressed against the commutator surface 
with the armature revolving at moderate speed. 

Bearings.— These are about 3.8 times their diameter in length for 100-kw to 
800-kw, and from 3.2 to 8 above 800-kw direct-connected generators. The engine 
manufacturer supplies the shaft and engine bearing, and the dynamo manufact- 
urer supplies the outboard bearing, when one is required. The annature is built 
up on a keyed sleeve which is forced on the engine shaft. The engine manufact- 
urer usually supplies the dynamo manufacturer with a gage from which the arma- 
ture sleeve is bored, so that it will take the desired pressure in tons to force the 
armature home on the shaft. 

The bearings are always self-oiling either by rings or a chain, revolving over 
the shaft, the lower extremity moving in the oil well. Where the oil circulating 
system is used, oil is kept flowing into the oil well and drained from an overflow 
pipe, keeping the oil at a constant level. This has the additional effect of cool- 
ing the bearings. As the air, passing through the armature, draws any oil spray 
thrown by the reciprocating parts, the armature should be screened from it, 
for manufacturers justly demand, that in order to maintain their guaran- 
tees, the armature must be free from oil. Oil carbonizes at the temperatures 
attained, and acts as an adhering surface to which carbon dust from the brushes 
can cling, thus tending to break down the insulation of the armature windings. 

The armature shaft bearings should be scraped to a fit and be adjustable for 
wear, to maintain the alignment of the armature in its field. In belted machines, 
above S50 kw, it is considered good practice to provide an outboard bearing to 
cany the belt strains. In direct-connected generators the bearing friction if 
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aboQt 0.32 per cent of delivered horee-power, and in belted, from .62 per cent to 
1.25 'per cent ot delivered horse-power, depending upon the size and bearing 
design. 

SIZBS AND APPBOXIMATi: DIMENSIONS OF W£STINGHOUSB 
8TANDABD ENOINE-TTPB BAII.WAT GENERATORS. 






J50 
150 
200 

260 
860 
850 

800 
826 
400 

600 
600 
800 

1060 
1200 
1500 



270 
270 
864 

455 
455 
455 

546 
690 
725 

910 
910 
1455 

1910 
2180 
2780 



» 
^ 
^ 






200-225 
170-185 
200-220 

150-170 
120-125 
90-100 

145-160 

90 
90-100 

160 
90-100 
80-90 

80 
75-80 
75-«0 



18,700 
24,000 
24,400 

80,600 
43.200 
50,000 

48,400 
61,500 
78,000 

62,000 
100,000 
135,000 

147,000 
185,000 
200,000 



A 
Ins. 



D 

Ins. 



Ins. 



120 
120 
120 

120 
144 
144 

144 
144 
176 

144 
171 
204 

252 
252 
276 



Ine. 



89 
89 
47J^ 

89 
42 

52^ 

6«K 
63}^ 
56 



G 
Ins. 



H 

Ins, 



84 
90 
96 

102 
108 
114 

108 
120 
126 

120 
144 
144 

168 
192 
204 



KoTS. — ^In the above table the machines 'which are indicated as having either 
of two speeds may be operated at 560 volts at either speed, or at 575 volts at the 
higher speed. 



gIZES AND APPROXIMATE DIMENSIONS OF SPECIAL ENGINE- 
TTPE RAII.WAT GENERATORS. . 
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650 


10 


80 


186.000 


24 


4A 
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1050 


1880 
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12 


80 
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22 
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252 
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14 


80 
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4t0 


20 


75 
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24 
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62 
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4700 
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24 


75 


812,600 
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144A 
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886 


62 


125% 


216 
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Fig. 204.— sidb view of westinghousb belted generator. 



SIZES ANI> APPROXIMATE DHHENSIONS OF OENEBAI. IXBO- 

TBIO BIBECT-CONNECTED BAHiWAY GENERATOBS. 

SIP, FOBM H, 576 VOIiTS. 



CLASSinOATION. 


APPROX. WEIGHT. 
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C 


K 


L 


M 




1 
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6 


100 


275 


4000 


In 000 


80^ 


20 


95 


18 


86 


5J- 


24^ 


6 


liO 


200 


6,400 


2.l.^K)0 


99 


23 


114 


25 


45 


9- 


82 


6 


200 


200 


9,000 


a-j.tXiO 


116 


29 


133 


26H 


69^ 


9-10} 


44 
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200 


150 


10,500 


&i.'k)0 
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26 


136 


29 


9 -Hi 


44 


8 


800 


1?>0 
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&-.J)00 


125 


82 


141 


27 
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lli-14 


49 
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800 
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19,000 


6.-..^IOO 


1-38 


.38 


145 


80^ 


68 


12-15 


49 
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800 
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20,500 


7riiJ0O 


130 


38 


146 


83 


68 


14-16 


49 
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400 


150 
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fts.cKX) 


182 


41 


148 


30 


72 


14-16 


49 


8 


400 


IJO 


22,000 


TiJ 000 


135 


41 


150 
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72 


15-18 


49 
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400 


100 
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'^ 


41 


152 


72 


15 -18 


49 


10 


500 


1^0 
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44 
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81 
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60 
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600 
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160 


47 
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84 
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500 


90 
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These dimensioiiB elioald only be U86d for approximate size apd ar9 subject to 
change. 
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THE STORAGE BATTERY. 

The stons^e battery in railway work has several Important functions. Amonji; 
the advantages obtained from its nse are the relief of overloads, a greater econ- 
omy of steam in the engine and the saving of copper by the installation of storage 
battery substations. 

It is often desirable for the relief of overloads to install a storage battery on 
roads having short heavy grades, especially where a number of equipments 
mount the grade at the same time. This happens when the situation of the 
center of population is in a valley and the surrounding suburbs arc on the hills. , 
Among the first storage battery installations of this class of work was one made 
in Easton, Pa., where this condition was very marked, the town of Easton lying 
at the bottom of hills and all the railways having to mount a grade. As the cam 
met in the town square near the lowest part they all had to mount the grade 
simultaneously, biinging the average load of 500 amps, up to 1200 amps, for five 
minutes. A storage battery was installed, which reduced the overload on the 
engine, and made it possible to shut down several of the units whxh were oper- 
ating only for this five-minute demand; and the steam economy, operation and 
regulation of the station were all improved. 

The losses in an engine only partly loaded are large and to run an engine 
nearer its maximum load increases rapidly the efilciency of the units, for the 
battery can charge and discharge by means of the regulating booster and main- 
tain the line potential, the battery making up the deficiency of the generator and 
charging when the generator is below its normal output. The economy of steam 
in the engine naturally follows the averaging of the load on the dynamos. The 
cost of a storage battery investment should be figured as follows: Ascertain the 
coal saved on account of increased economy and the interest on the investment 
on the engine to do equivalent work, the oil and depreciation on the engine 
plant being also included. These items collectively should equal the interest on 
the cost of the storage battery; its depreciation should be taken at about 10 per 
cent for railway work, especially where heavy demands are to be encountered, 
and maintenance should also be charged against the battery. It is fair to assume 
that the storage battery is profitable when its cost is equal to the cost of an engine 
plant, for the advantages it offers of regulation and the ability to shut down the 
steam plant, and the lighting of the car houses, when no cars are in operation^ 
are in its favor. 

Where the storage battery is used for the saving of copper, the terms entering 
into the calculation of the economy are cost of copper and the interest charged 
against this investment against which should be placed the cost of battery in- 
stallation and its depreciation. A battery installed for copper economy will only 
shew a profit when the battery is located in a substation at a distant point from 
the station. The economy in transmission would be the cost of the watts lost for 
the load delivered per annum over a copper distributing system sufficient to give 
proper potential delivery to the equipment, less the cost of watts lost for charging 
through the transmission line. The difference between these two transmission 
efficiencies should make a profitable showing in favor of the storage battery 
installation. 

The battery should be connected together by lead terminals burnt to leaded 
bus bars, and all copper bus bar work should be lead-coated. Where copper bus 
bars are clamped together it is advisable to amalgamate the stirfaces in contact 
aod draw up by bolts also lead coated, 
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Fig. 206a.— switchboard connections of stomaos battxrt to railway 
without booster. 
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Fig. 2063.— diagram showing connections of differential booster and 
storage battery. 
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In regard to the switchboard connections Fig.206i. shows the method of con- 
necting the storage battery across the railway generator. In order to regulate 
properly for the variations of load that occur on the railway generator a booster 
is connected as shown in Fig. ao6B. Here the booster is so adjusted that it 
charges when the generator is above a fixed potential, and discharges when the 
potential falls below it. The booster has a series field through which the main 
battery current flows; opposed to this field is a shunt field which works differ- 
entially against the series field, so that this booster compensates for the high 
potential required in charging and the low potential of discharge. 
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The carve, Fig. 206c, shows the effect on the generator operating in multiple 
with a booster and storage battery, the rompensation for the fluctuation of 
current demand and also the fluctuations on the engine and generator alone. 

Fig. 206d shows the switchboard connections ani arrangement of instruments 
and circuit breakers; It ha^ cell regulation which is not now used in street rail- 
way work, the differential booster automatically regulating the charging and 
discharging of the battery. The boo!>ter is preferably driven by a 500-volt motor 
coupled direct, but may be belted or direct-connected to an engine. 

TYPES OF BATTERIES 

There are several different methods employed in the construction of a storage 
battery. One is the paste method, which is used by the Chloride Accumulator 
Company. Here a sheet of lead has on its surface small rectangular cells into 
which is forced the active material. This battery by charging and discharging is 
readily ** formed " for use. 

Another type of storage battery which is used in railway work is manufac 
tared by the Gould Storage ' Battery Company. In it a plain sheet of lead is 
grooved by rotary knives so that the lead is forced up between the knives and 
form ribs and corresponding grooves. These ribs vary in width from .006 to .024 
of an inch. . There are about 450 sq. ins. active surface per pound of plate, and 
186 sq. ins. per cubic inch, while the ratio of the contact surfaces to superficial 
area is as great as 17^ to 1. 

The active material is formed in the interstices of these ribs by electroljrtie 
processes. From tests on these plates it is shown that they are capable of main- 
taining a high electro-motive force with discharges at high rates, which is an 
advantage to be considered in railway work. The plates for railway work are 
1^ ins. X 16^ ins. divided into 16 ribbed plates which are formed out of a 
homogeneous sheet of lead. 

BATA OX STORAGE BATTERY INSTAIXATIONS. 

The Buffalo Bailway Company, Buffalo, N.Y.: Capacity of battery, 1200 
bp-hours, 250 amps.; consists of 270 cells all in series, with 41 plates to each cell, 
the size of the plates being 1^ ins. x 15^ ins. The positive plate weighs 24 
lbs., the negative, 16 lbs. each. Outside dimension of tank, 593^ ins. x 21^ x 
24S£ ins., with room in tanks to increase the capacity two-thirds. 

The Lansing Street Railway Company, Lansing, Mich. : 240 cells of 9 plates 
each, 10^ ins. x 10^ ins., and room in jars for 18 plates. Capacity, 820 amp.- 
hours at 8 hour discharge rate. This battery was used at the end of the line, and 
will run from about 26 to 50 amps, on average charge, and maximum discharge of 
200 amps, with a machine variation of about 25 amps, maximum. The battery is 
located in a power house about a mile and a half from the generating station. 

Battebt Instalultion and Attbndavob. 

The aoid when put into the cells should have a specific gravity of 1180 degs. 
tcllQOdegs. 

The charge shonld then at once be commenced at about half the normal rate. 
After charging at this rate for a short time and it is determined that all connec- 
tions are well made, the rate should be raised to the normal and continuted for 
about 20 consecutive honrs or until the potential of each cell reaches 2.5 volts and 
all the cells are gassing freely from both positive and negative plates. The 
specific gravity of the electrolyte which fell shortly after the cells were filled, 
fhoald now have reached at least 1200 degs. At this point the charging rate Qhool^j 
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1)6 Tedaoed to one-half the norma] and oontinned until the electromotiTe foice of 
each cell haa af^n reached 2.5 yoHb. 

The legalar serrice of the hatteiy may now he commenced. On the snhe« 
qaent charges & the namher of five, the cells should be bronght np to 8.6 Tolta 
per cell at the normal rate or preferably 2.5 at half that. 

When the battery is in use as a regnhitor enough generator capacity mnst be 
carried to meet a little more than the ayerage demand of the load, and the bna 
▼oltage mast be kept np to the average. That is, the battery mnst charge a little 
more than it discharses. 

The battery will regulate best when about 75 per cent fnll. The individual 
cell voltage will then be about 2.08 volts. The speciilc gravity should be b« 
tween 1190 degs. and 1200 degs. 

In its work as a regulator the battery should not discharge at a higher rate 
than Bpeciiied by the manufacturers, nor should any individual cell at any time read 
lower than 1.8 volts when discharging at the normal rate. The battery must never 
stand discharged, but must be thoroughly charged on reaching the above point. 

A full charge should be given the battery once a week, when all the cells 
should be individually tested with low reading voltmeter and hydrometer. Ko 
cell at the end of this charge should read less than 2.5 volts when charging at 
the normal rate. At the end of this charge the specific gravity should not be 
below 1200 degs. 

Pure water, distilled if necessary, mnst be added to make np for electrolyte 
lost by evaporation. This water should not be added in large enough quantities 
to reduce the specific gravity to any considerable eitent. It should be added at 
the bottom of the cell through a rubber hoee or glass tube to insure its thoroughly 
mixing with the electrolyte. The plates should always be covered by the 
electrolyte. 

The positive plates should have a dark brown velvety appearance. Any 
lightness in color indicates insnfiicient charging. No attention need be paid to 
a whitish precipitate that sometimes appears on the plates. The negative! 
should have a clear bluish lead or light slate color. 

If there occurs a time during which it is not convenient or possible to carry 
on the generators the entire average load on the plant the diecharges of the bat- 
tery may be allowed to exceed the charges up to the capacity of the battery. 

About the only form of trouble that is likely to occur in a cell is a short cir- 
cuit complete or partial between the positive and negative plates. This will be 
indicated by low voltage and low specific gravity and should be at once removed. 
Its most probable cause is the lodging between the plates of some foreign article 
or a loosened part of the plates themselves. It may also be due to the depth of 
the sediment in the bottom of the cells reaching the bottom of the plat s. If the 
short circuit is due to a foreign body, it should be removed; if to a loosened por- 
tion of the plates, it may be forced to the bottom of the cell; if to sediment, the 
cell should be cleaned out. 

When Chloride Accumulators are in use,- it will be found that there is a 
constant slight loss of solution. This is principally due to the evaporation of the 
water from the mixture of water and sulphuric acid, of which the solution is com- 
posed. Use pure water to replace that lost by evaporation. The water should 
be absolutely free from chlorine (common salt), and contain not more than a 
trace of iron and other metals. Always use distilled water when it can be ob- 
tained; fresh rain water is also suitable. The solution should always entirely 
cover the plates in every cell. The proper density for the solution in a charged 
cell is 1200 degs. The specific gravity of the solution should be tested with • 
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hydrometer at least once a week. The test should be made Just after the cell 
has been folly charged. A decrease in the density of the solution in a fully 
charged cell is not due to evaporation, as the acid does not evaporate. Some of 
the acid in the solution may be lost, however, by the spraying which occurs dur- 
ing the latter part of the charge. By the violent evolution of gases at that time 
small particles of dilute acid aie thrown upward and prevented by air currents in 
the room from falling back into the cells. As this is replaced by water in the 
regular filling up of the cells, the specific gravity may be lowered from this cause. 
For this reason, it is not safe to always replace evaporation only with clear water 
on the assumption that no acid has been lost. 

Loss of water tends to increase the strength of Ihie solution. When hydro- 
meter readings, taken at the end of charge, indicate that the density of the 
solution is low, a mixture of pure sulphuric acid and water of a specific gi-avity 
of 1400 degs. (one part sulphuric acid and one part water, by volume— not by 
weight) should be prepared and when cool, a sufficient quantity of the dilute acid 
should be thoroughly mixed with the solution in the jar to raise the specific 
gravity to 1200 degs. as shown by hydrometer readings. 

The density of the solution will vary with the condition of the cell, the 
density in a discharged cell being lower than in a charged cell. During the dis- 
charge, the acid is drawn from the solution into the plates; and during charge, 
this acid is again released. A low density of the solution, when the cell is ap- 
parently charged, does not, therefore, necessarily mean a lack of acid, as the low 
density may be caused by insufficient charging, that is, the acid may be in the 
plates instead of in the solution; 

Before adding the mixture of acid and water to the solution in the jar, it 
shonid be known that the cell is fully charged. A eel. may be considered fully 
charged when with the normal charging current flowing, voltmeter readings 
show the cell to have an e. m. f . of 2.5 volts. If the cell be charged at three- 
quarters of the normal charging rate, the charge should be continued until the 
cell shows an e. m. f. of 3.45 volts; if the cell be charged at one-half the normal 

THE OHIiOBIDB ACCUMUIiATOB.— TYPE «G." 

Sizes of Plates, 1^ Ins. x 15^ Ins. 



Numbf^r of Platea 

For 
Discharge m J 8 bi)iir« ...... 

Amperes | g ^ -..»-■ 

Konnal cbATjire rate 

WelgUt of ejieh elomcnt, lbii„, . 

^ . .^ „ I Width,. 

of T AH b Id i ac Lcb, j Hejght. \ 

Weight of ftctci, }hi 

Weight of celi complete, with ( 

add In Jeftd-Uned Ufik. ibti. f 

Height of <jeJl over all, luchiiB*. 



15 



»r 



41 



4» 



n 



\m 



1S& 






2O0 

4oa 



1006 



m 

2B 



400 

firto 

400 
28 



I23fi 



530 fiai 

IS4«[2277 
28 t» 
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l^UO 140U 
000 TOP 
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S9 
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£9 
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THB OOinLD STOBAGE BATTICBT.— TYPE "S." 
BmBHSioHB OF Plate, le^ Ins. x 15^ Ins. 



Xlement Number 


606 


607 


600 


611 


618 


615 


617 


610 






Number of Plates 


6 
40 

40 
56 
80 

S20 
280 
340 

160 

11 
21 
24 

11 
20 
28 

26 
100 
275 


7 
60 

60 
84 
120 

480 
420 
860 

180 
24 

g' 

28 

26 
120 
845 




80 

80 
112 
160 

640 
560 
480 

200 

18} 

21 

24 

J? 
20 

28 

26 
140 
415 


11 
100 

100 
140 
200 

800 
700 
600 

220 

24 

15 
20 
28 

26 

160 
485 


18 

120 

120 
168 
240 

960 
840 
7S0 

260 

17 
21 
24 

17 
20 
28 

26 
180 
556 


15 
140 

140 
196 
280 

1120 
980 
840 

800 

J? 

24 

5? 

28 

26 
197 
626 


17 
160 

160 
224 
820 

1280 
1120 
960 

840 

20 
21 
24 

20 
20 
28 

26 
216 
692 


10 


Normal CharKinK Bate 

Discharge in J ''jj'l^??"-- 

Amperes, •) « J .» ;;;; 

Capacity in At 8 hrs. discharge 

Ampere, • *• 6 hrs. discharge 

Hoars. " 8 hrs. discharge 

Weight of dement, Iba 


180 

180 
262 
860 

1440 
1810 
1080 

880 


Outside dimensions Width . . 
of heavily glazed • Length, 
earthen tank in ins. Height.. 

Outside dimensions Width., 
of lead-lined tank -{Length. 
in inches Height.. 


22 

21 
24 

22 

20 
28 


Height of cell over all in ins.. . 
Weight of acid in tank, lbs. . . . 
Weight of cell, complete, lbs.. . 


26 
286 

768 



rate, the cell should have an e. m. f. of 2.4 volts, and if the charge be at one- 
quarter of the normal rate, the cell should have an e, m. f. of 2.8S volts. If a 
voltmeter is not available, a cell, generally speaking, may be considered fully 
charged, when both the positive and negative plates have been gassing freely for 
fifteen minutes. 

To prepare dilate sulphuric acid, always pour the acid into the water, never 
the water into the acid. It is advisable to prepare the solution at least twelve 
hours before using, in order that it may thoroughly cool. Solution of specific 
gravity of 1200 degs. is composed of one part sulphuric acid having a density of 
06 degs. Beaum^, and three parts of water. 



THE BOOSTER. 

The function of the booster in a railway plant is to assist the long feeders to 
maintain their potential at the ends of the line. Usually a series wound booster 
is used, whose function is to increase the line potential as the current flow 
through the booster increases. The rise in potential in the booster can be made 
equivalent to the drop in potential on the feeder. This may be obtained from a 
booster either by having its series winding compensate for the line drop or by 
shunting part of the series tarns by a shunt winding whose magnetic effect can 
be opposed to or in the same direction as the series winding. It is usually 
the custom to group the distant feeders together on one booster. This booster 
may be operated by a motor or by an engine, but it is preferable to use the latter. 

In a number of stations there will be f onnd the older type generators, kept 
for reserve capacity, and these can be changed into boosters by making the con- 
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nectioiui shown in Fig. 206b. The machines can still be nsed as generators when 
required. 

The feeders to be boosted are grouped together on a bus-bar, which is con- 
nected to the main bus-bar by switeh, A, Feeding this bus is a generator 
.laving a doable-throw double-pole switeh. When switeh A is open and switches 
■>', /?, from the generator are thrown in the lower position, the current then 
passes through generator F from the bus to the boosted feeders in a direction to 
increase the potential of this current. 

When the switches on generator F are thrown in the portion C, C, the gene- 
rator is used simply as a generator and A can be closed, and the feeders will not 
be boosted. This condition is especially useful for parks and special outlying 
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Fie. 200b.— DIAGRAM 07 OOKinBOTIOKS VOB CHAHOnie 
TO BOOSTBB. 



attractions, where the traffic is large for a short time; and it saves the invest- 
ment for a booster. The capacity of generator F should be equal to the maxi- 
mum demand on the feeders, or a number of generators can be supplied with 
double-throw switches and connected as shown for the single generator, and used 
as multiple boosters. 

The shunt field can be excited or not if the copper is light for the maximum 
demand, and in this way cars can be moved more economically for short periods 
than by the Investment in copper or boosters, and gives a double use for the same 
generator. The amount of boosting will depend upon the series turns on the 
generator, but if too much, it can be shunted and if too littie, can be increased^iy 
the shunt winding on the generator. 
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BOTABTCONVEBTBBS AND DOUBI^E-CUBREKT GBNEBATOBS. 

Birect-cnrrent dynamos generate alternating current in their armature wind- 
ings which are rectified by the commutator and delivered to the external circuit ' 
as direct current. If collector rings are connected to the windings at suitable 
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points, see Fig. 207, alternating current can be delivered externally. If both 
eomrantator and collector rinp^s are nsed the machine can deliver both diiect 
current and alternating current at thn same time, in which case it is a double 
current generator. If inotead of being driven by external power, it is driven 
•8 4 dlrect-cnrrent or synchronous altemating-carrent motor, and at the 9»,XM 
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time deliven aitemating or direct carrent from the other end, It is a rotary 
coDTerter. 

The armature connections of rotary converters are shown in Figs. 206 to 211. 
Letters represent phases, and numbers the flrst or second wire of each phase. In 
thethree-pliase and six-pliase combinations, two phases are combined in each 
wire, and in the latter the large and amall lettered phases are from the same 
transformers. (See transformer connections, Figs. 216 to 218.) The fields of rotary 
converters are connected to the direct carrent aide except in case the rotary con- 
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Fxoa. 219 AND 220.— TBANSTORMIB OOKNE0TI0K8 FOB BOTABT O OMVE B TEB 8. 

Terter is started from the alternating current side, in which case they are prefer- 
ably separately excited. Transformer connections for rotary converters may be 
made in a multitude of ways, the most common of which are shown in Figa. 
213 to 230. As polyphase transformers are not used in this country, only con- 
nections for single-phase transformers are given. In the six-phase connections, 
the single-phase transformers have two secondary coils apiece, each of which 
is connected to one of two three-phase combinations. 

Rotary converters may be used with compound wound fields the same as 
ordinary generators. In order to make them regulate well, however, it is nec- 
essary to insert reactive coils in the alternating current line, unless the line and 
generator reactance may be used for this purpose. 

BEI^TS. 

Leather belts are generally preferable to others for both damp and dry places. 
Where the belts must work in steam, they should bo made of rubber, as the ordi- 
lUtty wateiprooiing used on leather belts will not stand the excessive heat. 
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Leather belts are made in one, two or three ply of from ^ in. to ^ in. thickness 
each, weighing from 18 oz. to 16 oz. per square foot per ply. On main drives, a 
iirst class belt only should be used. Fig. 225 shows a test of a aO-lb. belting bntt 
(this being the average weight used for heavy belting). The backbone runs down 
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through the center of the figure. The small sections Nos. 8, 4, 6 and 6 wore 18 Ins. 
long by 2 ins. wide. The figure shows that to obtain a first class belt it must be 
made entirely of centers, u /., only the butt should be used, and shoulders and 
flanks should be entirely excluded. 

The best belting should be short lap, with no piece more than M ins. Ionic 
including laps. The weights should be as in the table on next page : 
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Width. 

Inches. 
Itos 
2Uto4 
4Kto^ 
6 and over 



WelffhU of Belts. 

Single Belts 
Oa. per eq. ft. 
18 
14 
15 
10 



Doable Belts. 
Oz. per sq. ft* 

26 

28 

80 

82 



Single belts 6 ins. wide or less, should have laps between 8^ ins. and 6 ins. 
long; for wider belts no lap should exceed in length by over 1 in. the width of the 
belt. For double belts, laps should be SJ^ in. to 5^ ins. long. Laps should abso- 
lutely have no filling strips. Single belts should have an ultimate tensile stren^^h 
of 8G0O lbs. per sq. in., and double belts should have 4000 lbs. per sq. in. If testa 
are made, the average of three pieces selected at random, should be taken. 

HOBSE POiyBB TRANSMITTUD BT DOUBLE LEATHER BELTS. 

(1 INCH WIDE, 550 PT. PER XINXTTEsl HP). 



Speed in 
per Minute. 


Width of Belt in Inches. 


4 


6 


8 


10 


12 


14 


16 


18 


20 


22 


24 




H. P. 


H. P. 


M. P. 


u. p. 


u. p. 


H. p. 


H. P. 


H. P. 


H. p. 


H.P. 


H. P. 


400 
600 
800 


i 


\ 


1 


14J 


8| 
13 


10 

15 
20k 


lU 


18 


22 

29 


16 
24. 
03 


84 


1000 
1200 
1600 


1 


11 

18 
16i 


i 




82J 


S 


29 

Si 


49 


86 
44 
64J 


40 
48 
60 


i 


1800 
2000 
2400 


13 
141 
171 


ii 


26 
29 
84i 


? 


89 

48J 


1 


62 

58 


60 

?8i 


724 
88 


72 

80 
96 


105 


2800 
8000 

8600 


20| 

21 

25| 


S 


4:4 


51 

SI 


61 

65J 

76 


71 
76 
89 


81 
8TJ 
101 


114 


102 
1()8 
127 


112 
120 
140 


122 
181 
158 


4000 
4500 
6000 


29 
861 


43J 
49 
64i 


681 
65 
72} 


91 


87 
98 
109 


101 
114 
127 


116 
131 
145 


181 
147 
168 


145 

168 
182 


160 
180 
200 


174 
196 
218 



Note.— The belts are not supposed to be unduly strained. 

For single belts ^timate only two-thirds as much as for double belts. 

Pulley Dimensious to Avoid Abnormal Belt Bendin]!;^ Strains. 

No. of Ply. Min. Pulley Diameter. Min. Batio of Diam. to Width. 

Single 



Double 
Triple 



8 ins. 
6 ins. 
10 ins. 



Immaterial 

8:4 

1 :1 



The power transmitted is dependent on the arc of contact. If the belts 
are very oily, the power may be reduced one-half. Paper pulley coverings 
or paper pulleys generally increase the power obtainable by 10 per cent to 20 per 
cent. The power that can be transmitted by belting is greatly increased by 
the use of Cling Surface dressing which increases the life of belts by decreasing 
the wearing off of the surface of belts due to slippage. Belts which are not 
horizontal will generally tend to slip on the lower pulley if worked at their max- 
imum power. The arc of contact is increased by having the slack aide of the 
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belt on top and this metbod ie, therefore, preferable. All pulleys Bbould have 
crown faces unless it is intended to shift the belts over them. 

Belts, particularly on long drives, sometimes give trouble by wobbling from 
side to side. This may be due to vibration or movement in the shafts or pulleys to 
which they run, or it may be caused by the belt being stiff and requiring too much 
force to fit it over the crown. In the latter case washing once a week on the side 
next the pulley with one part of beef tallow to two of castor oil mixed warm 
with a little pulverized rosin, until the leather ip pliable, will generally remedy 
the trouble. Belts may also run badly if the pulleys are not properly aligned, are 
untrue or are out of balance. Trouble will also occur if the belt is not made or 
fastened truly. Waves in the belt are often caused by irregular power or nntnie 
pulleys, but most heavy belts tend to wave slightly. 

' The length of drive, r. ^., the distance between centers of driving and driven 
shafts, may bo widely varied according to necessity. If a belt is too short it has 
no elasticity; if too long, it lias a tendency to wobble or wave; but the. limits an 
qnito broad. 

Center Distances for Belt Drives. 



WIDTH Oy BKLT (IHOBSS). 
8 

6 

18 
18 
S4 
86 
48 
60 



CSNTBR DXSTAHCB (FBKT). 

Minimum Preferable Haximnm 

4 8 25 

6 12 80 

17 83 

11 SO 84 

18 88 87 

15 86 40 

17 80 45 

80 85 60 



SHAFT KBTS AND BEASING ClfiNTlEBS. 



Shaft Diameter. 
Ins. 



Size of Keys for 
Couplings 
and Pulleys. 



Proper Distance 

between 

Bearing Centers, 

Line Shafting. 

Feet. 



Proper Distance 

between 

Bearing Centers, 

Jack Shafts. 

,Feet. 



iSXiJ 



P 

11 



16 
16 
17 
18 
80 



288 
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BIMENSIONS OF H£AD OR JACK SHAFTS. 



Shaft 


Revolutions peb Minute. 


Diameter. 
ln«. 


100 


1C3 


150 


175 


200 


2:^5 


230 


300 


8.50 400 




IToRSK Power of Jack Saafts. 


lA 


1.7 


2.1 


2.5 


3. 


8.4 


8.8 


4.2 


5. 


5.9 


6.7 


H% 


8.1 


8.8 


4.5 


5.3 


6. 


6.9 


7.6 


9.1 


10.6 


12. 


l] 


4.5 


5.(5 


6.8 


. 7.8 


9.1 


10.-^ 


11. -2 


13.6 


15.7 


18.2 


111 


7 


8.7 


10.5 


12.2 


14. 


15.7 


17.5 


21. 


24.5 


28. 


Si\ 


9.8 


12.5 


14.7 


17. 


19.5 


29. 


2'. 


295 


84. 


89. 


SjC 


14. 


17.5 


21. 


24.5 


28. 


81.-) 


85. 


42. 


49. 


56. 


24 


13.5 


28. 


28. 


81. 


87. 


41. 


4->.5 


6S. 


62. 


74. 


Sii 


24. 


80. 


86. 


41.5 


47.5 


5a.5 


69.5 


71. 


83.5 


95. 


3 r 


88. 


47. 


56.5 


66. 


75.5 


85.5 


94.5 


113. 


182. 


151. 


8i! 


&6. 


70. 


84. 


98. 


112. 


128. 


140. 


168. 


1W6. 


224. 


4X 


80. 


100. 


120. 


140. 


160. 


180. 


200. 


240. 


280. 


820. 


4i! 


109. 


186. 


164. 


191. 


218. 


246. 


273. 


328. 


882. 


437. 


6| 


146. 


182. 


218. 


255. 


291. 


328. 


864. 


436. 


510. 


582. 


6 


189. 


236. 


283. 


830. 


378. 


425. 


47-3. 


667. 


661. 


755. 


6 


288. 


297. 


857. 


416. 


475. 


535. 


595. 


718. 


832. 


950. 


« 


294. 


867. 


440. 


614. 


587. 


661. 


735. 


880. 


1030. 


1177. 


8 


448. 


660. 


671. 


188. 


895. 


1010. 


1120. 


1345. 


1670. 


1790. 



Two or three helts may be ran tandem, but where the pnlley diameters are 
■mall the belts should not tonch each other at points on the drive. Where belts 
are run tandem, the maximum power of each belt is not reduced, but rather 
increased. 

FUIXETS. 

Pulleys are usually made in two weights for single or heavy belts. Crowns 
of pulleys should be from ^ of the face for small or slow-running pulleys, to ^^ 
of the face for pulleys of 21-in. face and over. The latter figure is quite usual in 
large dynamo pulleys and gives entire satisfaction. The increase in diameter at 
the crown is twice the amount given. Where the crown is too high with a fast 
running belt, the latter is liable to leave the edges of the pulley and thus conccn> 
trate all the strain and wear on the belt center. Pulleys apd clutches should be 
balanced. Set screws should have cup ends. The bore should be just large 
enough to fit closely on the shaft. 

Pulley centers and not edges should be aligned. Of course it is necessary 
to align from the edges, but allowance should be made where width differs, so as 
to bring the centers in line. 

Contrary to general ideas, belts do not "tend to climb to the high side of 
pnlleys*' ; but where two shafts are not parallel, the belts will run on both pulleys 
toward the low side, 1. ^., toward the point where the shafts are nearest together. 

Shaftini;.— Counter shafts are usually made in lengths of 24 ft. or less. They 
■hould be straight before erection, and should be ])roperly supported so that their 
bangers can not shake or vibrate. Journals are pieferably made " self -oiling.** 

BOPE DBIVES. 

The limit of belt transmission for railway work is in the neighborhood of 
BOOhp. Beyond this power rope drives should be resorted to for transmission. 
Corves herewith. Fig. 826, give the power tliat can be transmitted by manila rope. 
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The English method of independest ropes driying in mnltiple Is not suc- 
cessful in railway work, for the reason that unequal tension causes undue strains 
to fall on the ropes having the greatest tension. For the yariable railway load, 
American practice is to have a continuous rope wound around the grooves of 
driving or driven pulley grooves, and a slack loop ta^^en from one side of the 
drive, which is held in tension by passing around a tension pulley and kept taut 
by weights. As the diameter of pulleys decreases, the wear on the rope increases. 
The table herewith gives the smallest pulley thai should be nsed; larger diameters 
than those given should be employed where possible. 




\% 20 30 ^ 50 £Q 7Q BQ 90 WO W UQ ISO 
ySLOCITY OF DRIVING ROPE IN FEET PER SECOND. 

Fie. 2%.— CURVES FOB POWER TRANSMISSION BT BOFE DRITINO. 

DIAMETER OF PUIXEYS AND WEIGHT OF BOPS, 



»a 



Diameter of Rope 
in Inches. 


Smallest Diam. of 
Pulleys, in Inches. 


Length of Bone to 

Allow for Splicing 

in Feet 


Appox. Weight 

in Lbs. per foot 

of Rope. 


i 

i 

1 

\ 


20 
24 
80 
86 

42 
64 
60 

72 
84 


6 
6 
7 
8 

9 
10 
12 

18 

11 


.12 
.18 
.24 
.88 

.49 

.60 

.88 

1.10 

1.40 



Sqo 
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POWER STATION SWITCHBOARDS. 

Tho location of the switchboard should be central with respect to the nnits 
ft controls. In stations of over 8000-hp output or twenty-five feeders a switch, 
board attendant is generally required. Hero the elevation of the switchboard in 
a gallery saves floor space and gives the attendant view of the generators he con- 
trols. The "unit system** where the generator panel is located adjacent to the 
generating unit, cutting down the internal conductor cost and giving the engi- 
neer electrical as well as steam control of the unit will prove useful where large 
units are installed. In this case, the feeder circuit-breakers can be operated by 
pneumatic control for distant parts of the station, and the feeder panel board 
located conveniently near the distribution wire tower or underground ducts. 

In the usual methods of construction the generator panels consist of an am- 
meter, circuit-breaker, quick break main switch, equalizer switch, voltmeter for 
throwing in the machines, a regulating rheostat and a field switch. Figs. 237 to 
280 show the forms adopted by various companies. 

The switchboard surface may be selected of slate, enameled or marbleized, or 
of marble. The thickness should not be less than 1% ins. for a 20-in. panel and 
2 ins. for a 26-in. panel, as the circuit-breaker in flying open is liable to fracture 
thinner slabs. They should be secured to iron framing made of T*s or L*b using 
asbestos washers as a bedding between the slate and its support. Slate slabs 
should not be secured to wooden verticals, as warping of the supports will event- 
ually crack the panels The edges of the panels, have usually ^-in . bevel, and are 
fastened by finished hezigon bolts passing through the panel and iron backing. 

Bus-bars should be figured for the current density given by table herewith. 
They should be rolled medium hard and insulated from a cast iron supporting 
bracket on the back of the board by slate or porcelain. 



COPPER BAR DATA. (Bus-Bars.) 



Size. 



X H in. 
X H " 




No.OOOOB. &fl. 
U in. Round 



Amperes. 



4S3 
530 
626 
725 

676 

7d8 

916 

1,035 

1,154 
1,500 
1,715 
1,22:2 

257 
805 
426 
560 
861 



Circular 
Mils. 



818,310 
8»7,290 

4r7,4fi5 
&66,400 

696,830 

710,200 
835.600 
954,930 

1,074,800 
1.591.550 
1.989,440 
1,278,240 

211.600 
250.000 
890.6-25 
r6*J,500 
1,000,000 



Square 
Mils. 



250,000 
812,000 
875,000 
487,000 

468,750 
562,500 
656,250 
750,000 

848,750 
1,250,000 
1.562.500 
1,000,000 



Ohms 
per Foot. 



.O0003.?6 



.0000223 
.0000192 

.0000179 
.0000149 
.0000128 
.0000112 

.00000995 
.00000672 
.00000537 
.00000840 

.0000505 
.0000428 
.0000278 
.0000190 
.0000107 



Weight 
per Foot. 



.97 
1.21 
1.45 
1.70 

1.82 
2.18 
2.54 
2.92 

8.27 
4.86 
6.07 
8.88 

.64 

.76 

1.18 

1.71 

8.05 
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They should be connected together by lapping, and iron bolts used for bring- 
ing these surfaces together, which can be flgnred safely with smooth bos bars to 
carry 190 amps, per square inch of contact surface. The connections between 
the bus-bars and switches, etc., are preferably made by a copper link clamped be- 
tween the bus-bar, and between nuts threaded on the stud projecting behind from 
the switches, circuit breakers or ammeters. The current density should not 
exceed 60 amps, to 100 amps, per square inch on thread and nut surfaces. 

Railway switches should haye at least 4 ins. between breaking terminals, and 
should bo provided with an auxiliary snap or carbon break to shunt the current 
carried by the contact surface, and so reduce injurious arcing effects. The copper 
contact area should be 60 amps, to 80 amps, per square inch of switch contact 
surface with parallel, well-adjusted switch surfaces. A composition machine- 
finished lug held down by an iron bolt should not be expected to carry more than 
120 amps, per sq. in. of contact surface. 

INSTBUMENTS. 

Ammeters.'—T\i!^ ammeter should be dead beat if possible, especially for the 
generator, and have a full scale reading 85 per cent to 60 per cent greater than the 
maximum output of the generator, in order to prevent overloads damsging the 
instrument. It is useful to haVe the manufacturers mark a red line on the dial 
of the instrument for full load amperes on the generator. 

Where shunts are used, they are connected In the bus behind the board and 
the leads and shunts marked with the number of the instrument Care should 
be taken that the corresponding instrument should only be used with a given 
shunt. For main ammeters the shunt-type Instrument is generally used and 
the shunt inserted in the main bus as it passes from the generator panel 
boards to the feeder panel boards. Ammeters are not essential on feeder boards, 
where the circuit-breaker is reliable and their expense can be saved by introduc- 
ing a plug device, that can be plugged into the bus side of any feeder switch, on 
which readings are to be taken, and the current diverted through the common 
shunt to the ammeter when the feeder switch is opened. This saves space on 
switchboard as well as reducing the cost 

Voltmeters, There are generally two of these, reading exactly alike on each 
board. They can be mounted on a swinging bracket so that they can be seen 
from any part of the board. One is used to maintain the station voltage, and 
the other to bring the machines to the bus- bar potential. Before throwing ma- 
chines together there Is usually provided a receptacle into wMch a voltmeter plug 
is inserted, when the machine is to be adjusted in voltage so that one Toltmetor 
is sufficient for all the generators. For throwing in, where two pressure boards 
are used, three voltmeters are required. 

Wattmeters. Wattmeters should be installed where records of output are to 
be kept. Periodic readings of the ammeter and voltmeter multiplied together 
invariably give a result from 20 per cent to 60 per cent above the average watts; 
and some remarkable station performances have been accounted for from this 
cause. The natural tendency is to read the ammeter at its maximum swing. The 
wattmeter should be carefully screened from magnetic effects from the bus-bars 
which may throw it out of calibration. With large units it is the modem railway 
station practice to have a wattmeter on each unit so that the depreciation on the 
units can be averaged. 

Circuit' Breakers, To prevent Tiolent overloads on the generator, or to take 
eumnt off a groand on the line, the automatic cirenlt-breeker is oVAiiuully iieo> 
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esdary, althoagh f nses are sometimes used instead of circuit-breakers on feeders. 
The circuit-breaker should respond to a rise in current aboye its set value in 
amperes, and open the circuit which it protects; the arc formed on breaking 
should be taken care of by auxiliary contacts of carbon or a magnetic blow-out. 
The contacts should be ^ept in good order, 'so that the friction between their 
surfaces will not increase the time constant and so strain the generator, or on 
feeders throw the generators instead of the feeder breaker. A circuit-breaker 
should be capable of breaking a circuit before a Weston dead beat ammeter will 
record 100 per cent over the circuit-breaker's set current value. 

Switchboard Connections.— In modem railway practice the positive 
side of the railway generator armature should be connected to the trolley, 
through the series winding of the generator. The equalizina: connection Is taken 
from the middle point of the switch to the equalizing bus, Fig. 231, but the 
present practice in power stations is to equalize at the dynamo with the equaliz- 
ing switch either mounted on the frame of the dynamo itself, or on a pedestal by 
the side of the dynamo. In other cases again, the equalizer is tied together 
permanently between all the dynamos. The disadvantage of having the equalizer 
opened is that there is a danger of the machine being thrown in circuit before it 
18 equalized. In order to provide against this accident, several suggestions have 
been made. One is to make the switch at the dynamo double pole, carrying both 
the equalizer and positive connections, throw the generator in first; another 
method has been used where the throttle of the engine is connected to the 
equalizer switch, so that before the throttle is open, the switch is closed ; and 
the generator cannot be thrown in before it is equalized. For balancing and 
adjusting compound generators see page 48. 

The field of the railway generator may be connected up in two ways: the one 
siiown in full lines in Fig. 231 is the bus-bar excited method, and the one shown 
in dotted lines is the self-exciting method. When a large number of generators 
are to be handled, a dynamo galvanometer or voltmeter is connected across the 
d^amo terminals of the dynamo switch, instead of plugging in the voltmeter in 
order to show when the generator is of the right potential to be thrown in. It is 
also usual to allow for a panel between the dynamo and feeder panels, on which 
to mount the main ammeter, integrating wattmeter, voltmeters and pressure 
switches. The positive bus-bar only is taken to the feeder board, and the feeders 
are provided with a single-pole switch, ammeter, circuit-breaker and reactance 
coil to choke back any lightning discharges, and force the arrester to operate. 
The dynamo panel should be provided with a small double pole, lighting switch 
where the station is lighted from the power generators, so that any generator 
can light the station indei)endently of the power bus-bar. This lighting circuit 
should be looped inside of the circuit-breakers. The present practice indicates 
that the best results are obtained when the lightning arresters are located as near 
.the point where the feeders enter the station as possible. Behind the switch- 
board is not the propec place for the lightning arresters as a rule. 

The panel form of construction is now universally adopted, the apparatus 
being mounted on an upper panel, with a foot plate, about 20 Ins. below it. These 
panels are made interchangeable for the different units and feeders, and the exten- 
sion of a switchboard, only requires that the bus-bar and iron frame be extended, 
giving a very flexible method, and amply providing for the future growth of the 
system. It is useful in some cases to be able to separate the feeder systems, so 
^t they can be supplied by independent generators, where extra demands of 
tdUOe require a hig^her po];ent|al \q be obtained QU the congested part of the sys- 
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tern To effect this result, the dynamo phonld be provided with a doable-throw- 
switch, and the equalizing system should also be double, with a double-throw 
equalizer switch. If double-throw feeder switches are also provided, the feeders 
can be operated on independent generators when required. It is the usual pract- 



PffCLt t i«n C^ll 










Fig. 881.~-dia0bam or railwat switchboard oomnEOTioifs. 

Ice to tie all rail and return grounds to a common negative bus-bar, but to reduce 
electrolysis, In some casee the ground returns which are tapped directly to the 
water or gas pipe systems, are brought to one ground bo4-1;iar, and the tall or 
fftain fee^jierp are coi^jiected tQ s tepaiate one* 
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The conductors behind the board are supported on porcelain insnlators, or 
threaded through porcelain blocks. All conductors oyer No should be stranded 
and the field vires should in all cases be a stranded conductor. In some cases 
asbestos or lead covered leads are used. Where bare rubber is employed for the 
insulation great care should be exercised to prevent oil from reaching those con- 
ductors, as fire has originated in several railway stations from this cause. Ex- 
posed terminals of different potential adjacent to one another, especially where 
the line is subject to lightning storms, should be taped and insulated, or so 
shielded that no spaik can Jump between them, for when the circuit-breaker 
opens on overloads, there may be quite a rise in potential on the dynamo, which 
sometimes starts a damaging fiaring arc between exposed adjacent surfaces. 

I^lffhtnlniT Protection.— There are several principles employed to protect 
the generators and apparatus from lightning discharges. The leak arrester con- 
Qtially of a water resistance connected between the positive trolley and 



-i-Busj 




Fio. 281— TANS uoHnrrao abbxsteb. 



ground, so that the potential between the feeder system is maintained at 600 volts 
difference. Any tendency for static discharge to select the feeder wire as its path 
to ground, is neutralized before an abnormal difference of potential can exist. 
The tank arrester, shown in Fig. 883, is plugged Into the circuit at the approach 
of a thunder storm. Three tanks are usually employed, so that if a discharge 
s one, it is dissipated through the other and leaks to giound. 
The magnetic forms of arresters have an air gap about ^ in. over which the 
static sparks Jump to ground. The main current passes around an electromagnet, 
whose field of force is so arranged as to blow out of this gap the arc formed by 
ttie line current followfiig the static spark. Every obstruction offered to the flow 
of this discharge hy the ground wire subjects the station apparatus to an sleetro* 
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static stress, tending to break it down at its weakest point, and every means 
shonid be nsed so that the lightning discharge can jump the spark gap of the 
arrester and pass to ground. The high frequency which a discharge poHsesses 
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gives it a tendency to travei on the surface, rattier tlian on the interior of the wire, 
and in this way choke its own passage. This cHect increases «« the diameter of 
the wire increases, and consequently only a small wire is used for the ground con« 
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dnctor, Ko. 6 being the usual size. A bend in a conductor greatly increases its 
self induction, consequently the wire should be as straight as possible from the 
point of connection at the lightning arrester to the ground connections. Carrying 
this wire parallel or near masses of iron will also tend to retard by self-induction 
the passage of the discharge to earth. To use a water pipe system for earth is not 
the bc3t practice, but where it Is necessary an iron lug can be clamped to the water 
)piipe and the contact surfaces amalgamated, the ground wire being soldered into 
this lug. After the connection is made, It should be painted over with two coats 
of air-drying asphalt yamish. No ground connections that are used for any other 
purpose should be used for the lightning arrester ground. No part of an iron 
structure or piping through the building should be used for this purpose. The 
ground conductor should be connected to the water system as near its entrance to 
the earth as possible. A ground near running water or naturally moist earth will 
give the best results, but in all cases it must be below the frost line. If these 
conditions cannot be secured, a hole can be sunk in the ground until water is 
reached. A copper plate two by two feet, with the conductor firmly soldered to 
it, will In ordinary cases be adequate for lightning grounds. Loose waste metal 
does not materially increase the actual contact area of the earth plate. K such 
material is used for the earth plate, each piece should be connected with the 
ground conductor itself. The best material to use to get a low resistance ground 
is broken coke, which should be tamped well in the bottom of the hole to the 
deirth of about 2 ins. The copper plate should then be laid on, and about 4 ins. 
more coke tamped well over it Earth can then be thrown in and tamped lightly. 



POLYPHASE SUB-STATIONS. 

Fig. 238 shows the main station and sub-station switchboard connections for a 
two-phase transmission system, with an altemating-dlrect-current generator at the 
generating station and a rotary converter at the sub-station. 

POWSR STATION COST»-ATnEBA6ED. 



Land 

Buildings 

Foundations 

Stack flues and breeching 

Flooring and material structures. . . . . 

Crane 

Boilers and settings 

Stokers 

Fuel economizers 

Ash and coal conveyors 

Coal storage 

Steam piping 

Engines 

Generators, D-C 

Lubrication 

Pumps ; . 

Feed water heaters 

Switchboard 

Interior wiring conduits and lighting 
protection. 



Totals. 



Maximum 
Dollars 
per kw. 



$ 7. 

17.20 
8.90 
2.85 
2.10 
.70 

18.40 
8.00 
4.20 
1.60 
4.80 
9.80 

88.20 

21.00 
.80 
1.90 
2.16 
8.80 

4.60 



$141.81 



Dollars 
per kw. 



$ 8.60 

10.60 

1.65 

1.20 

1.00 

.00 

9.60 

.00 

.00 

^ .00 

2.40 

6.40 

21.00 

18.25 

.80 

.90 

.60 

2.10 

8.80 



1.10 



Bate of 

Dqprociation 

percent. 




1.2 
1.4 
2.5 
2. 
5. 
8.5 
9.1 
2.8 
4.5 
8.2 
4.5 
9.6 
10.6 

6.7 
5.2 
2.6 

8.5 
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Tb^engineeris required to find for each caae what investments in the constrac- 
tion of a plant will prove profitable to install where the price of coal and the avail- 
able supply, water supply and the price of labor are all taken into consideration. 
The capital employed in building an economical station will reflect largely in the 
possible earnings of the railway system and the nicety in selecting investments in 
power plant for economical appliances and their earning power which will cut down 
operating expenses differentiates the good from the poor engineer. The engineer 
has to rely largely on his own common sense and keep before him the physical con- 
ditions surrounding the power plant under construction and not base his determina- 
tions on what the same auxiliary economical methods have accomplished in other 
plants where all the conditions are not understood. We generally find the most 
economical power plants in plain but substantial structures and low labor costs per 
k. w. Where the designer has comprehended ease in maintaining cleanliness, and 
an absence of polished brass, and the coal cost per k. w. are less, where coal and ash 
handling facilities had been carefully thought out in the original design always 
bearing in mind that a $1.60 a day man, in operating, costs the same as the use of 
$10,000 added to the capitalization and by designing labor saving appliances to cut 
down the operating force by this amount for an investment of $2500 in the station a 
return of SO per cent, can be made on investment It is the additional salary of the 
auxiliary help oilers, cleaners, coal passers increasing the cost per unit that can be 
•aved by the proper application of labor saving devices. 



SECTION V — THE LINE. 



Direct cmrent dlstribntion should be employed on roads not exceeding six 
miles radlns with moderately condensed traffic and eight miles radins with grades 
and light traffic. For roads which reach farther from the power station than this, 
the question of the most economical method of dlstribntion will have to be solved 
for each indiyidnal case, as there are too many rariables entering into the problem 
to make a general solation possible. One question in the design of the system 
for larger territories when the principal part of the road lies within the six mile 
radins is whether to nse more copper to expand the area to, say, nine and one-half 
miles, ;or nse boosters with less copper For distant distribution, the general 
method of solution is given below land also data, from which the copper line can 
be figured. The cost of the different methods should be compared with that of 
the direct feeding method as a criterion. The area to which the estimates for 
alternating current distribution should be applied is certainly beyond the five 
mile radius, and the capital investment and cost of copper for feeding the out- 
lying territory alone should be considered. 

The elements involved in the consideration of what would be the best system 
of transmission to use are the fixed and operating charges. The former include 
the cost of line copper for permissible line drop, additional cost on pole line to 
carry copper and the cost of bonding for the return circuit; the latter, the 
interest on capital, the depreciation on the line and the cost of line losses 
per annum. To make the substation profitable the cost of these two charges 
should be greater than the sum of the cost of the substation building, the 
boiler, generator, switchboard, cost of line, bonding, and the interest charges 
on the substation investment, depreciation charges, cost of supplies, labor 
char<:es and reduction in main station efficiency due to loss of load. 

In comparing a direct transmission of 550 volts against a rotary converter 
substation, the name principle holds good. Compare the original cost of the 550-volt 
distribution system and the operating charges, as given above, against the cost 
of building the rotary converter substation, the additional cost of generators in 
the power station, cost of rotary converters and static transformers, cost of trans* 
mission line and insulation and switchboard, and the interest, depreciation^ 
attendance and supplies, as well as the annual cost of transformation losses. 

The booster overcomes the line drop, and the economy of using a booster to 
produce proper potential at distant points depends upon the relation between 
the copper cost, depreciation and transmissron losses for direct current dlstribn- 
tion, and the booster cost, depreciation and transmission losses. It is not 
usual that boosters operating continually for any considerable load will show a 
lietter investment than copper; but for transient loads they do make an eco]ioia> 
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ical showing. The distribation can be carried bj copper alone on roads between 
six and ten miles radios, where the equipments are operated by feeders only 
under normal loads. 

Data will be given in this chapter to determine the copper line costs; and 
equivalent rotary or substation constraction could be estimated from the manu- 
facturers* quotations for specific performances. 

THE MOST ECONOMIC Al« ABBANGKMENT OF FEKDKRS. 

The next matter to be decided in line construction is the proper amount of 
copper to use and its most economical disposition. We will first view this 
question from commercial considerations. Bcturns from the investment in 
copper may come from several sources. The first and direct loss caused by a de- 
ficiency of copper in a feeder system is in the loss of energy ; second, in the in- 
creased depreciation of the car equipment due to the higher temperatures attained 
by motors operated by low voltages ; third, in the added expense of operating 
more equipments where a given headway between them is maintained, due to the 
lower maximum speeds and slower acceleration under low voltages. 

In connection with the energy it can be seen that the smaller we make the 
feeder for a given load, the greater the loss and the less will be the fixed capital 
charges against this feeder per annnum. On the other hand, the cross section 
may be Increased until the interest charges are largely in excess of the energy 
saved. Lord Kelvin determined that the most economical sized feeder to use was 
the one in which the annual interest charges were equal to the annual cost of 
the energy lost, and this is accepted as a general rule for the determination of 
the proper capital investment in the feeder. To the cost of feeder should be 
added the cost of its insulation and pole line or of conduit, and the interest 
charge can be fixed by local conditions. 

The price p:r unit of energy generated in the station should be based on that 
charge for which a power station could sell all its output without profit or loss. 
The method for computing this charge is given on page 267. Taking this prime 
Talue, the cost for tlic losses on the line will be some amount less than this cost, per 
unit lost, depending upon cost of this additional production of energy, and the 
cost varies on each plant for this loss, bjit the cost of increasing a load 10 per 
cent on a st:ition will malie little dlUerence in its consumption of coal, oil and 
water, except where an extra unit has to be operated to maintain the usual 25 
percent overload margin allowed in operating capacity; and under these con- 
ditions the losses in this added unit are chargeable to the line losses. Strictly 
speaking, the fixed charges belong to that portion of the energy of the station 
which produces a revenue, and again the increased loading of a unit brings up 
ItB efficiency, and this line loss is reflected in decreased cost of the total output. 

If these costs and current deliveries are determined for any road, it is very 
easy to construct a table in which the cost of the energy lost is compared with 
the capital charges, and this determines what size of wire can be most econom- 
ically used. The next and most diClcult question is the fixing of the current 
required to propel the car or cars which are fed by the copper to be supplied. 

Assume the energy consumption as 1 .2 k w-honr per car mile for level track, 28-f t, 
car body weighing 18,000 lbs., single truck, two O. E. COO motors with E-2 con- 
troller, and speed 10 miles per hour. This, with 600 volts, gives the avera.':e of 
24 amps, per car for current delivery. On the first step the car would require W 
amps, at 600 volts; but, with this flow of current, a drop will occur over the 
copper condHcton . fiay the voltage fell to 450 volts with the controller on t^ 
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flnt notch, then the current will be 54 amps. The second notch of the controUef 
cats oat 4^ ohms., and this should largely be taken np by the coanter e. m. f. of 
the motors, which have started and commenced accelerating. 

The speed gained on the first notch reduces the current obtained when the 
second notch is reached, and the greater the feeder drop the slower the accclera* 
tion. The greater the amount of energy required to bring the equipment to 
speed, the higher will be the temperature attained by the motors, and the greater 
the rate of equipment depreciation and the maximum demand on the power sta. 
tion. These losses and station icvestment can be reduced by greater line copper 
investment. 

In this problem, both the copper and ground return system have to be 
considered. Allowing 20 per cent drop, which means an effective voltage delivery 
of 400 volts to the equipment, the maximum current at starting, which will be on 
the second notch, can be assumed as about 00 amps. Say that 8 per cent drop is 
allowed for tho ground returns, and 13 per cent for overhead copper; this gives a 
maximum feeding resistance of ^ ohm per equipment. The average demand 
then is 24 amps, per car, and the maximum demand 00 amps, for the case under 
discussion. 

The effect of grades is to increase both the starting current and also the 
rnnning current value. The chart. Fig. 284, shows the relation which exists 
between the traction coefficient, which is plotted as ordinates on the chart, and 
the watts at 1 mile per ton per hour, which are plotted as abscissas on the chart. 
Diagonal lines are drawn across the chart corresponding with grades from level 
np to 10 per cent, to assist in giving what is really required, i. e., the amperes 
flowing for different speeds and grades. On the right hand of the chart is given 
a scale in amperes, assuming the current delivery to the equipment is at 500 volts, 
for speed of 1 mile per hour. While the current delivery is not a rectilinear 
function of grade and speed, approximately proportional results can be obtained 
by multiplying the speed on grades by the wegiht of the car and then by the current 
given in this chart at the required grade,which will give the total amperes required. 

As an example, suppose we have a car weighing 18,000 lbs. climbing a 4 per 
cent grade at 10 miles per hour, with a track coefficient of 25 lbs. Pass np the 
vertical line 25 until the diagonal line indicating 4 per cent is reached, then pass 
horizontally until the 1 mile per hour scaie of amperes is reached; this gives 0.42 
amps, per ton. For tons this would be 0.42 (amps.) x (tons) X 10 (miles) as 
87.8 amps. The two other vertical columns at the extreme right of the chart, one 
6-mlle speed and the other 12-mlle speed, give the current required, including 90 
per cent loss on the line. For example, .assume an 8 per cent grade, 80 track 
coefficient, car weighing 20,000 lbs., running at 8 miles per hour, at 20 per cent 
transmission loss. This will give 5.7 amps, per ton, adding ^ more for increased 
speed and multiplying by 10 for weight in tons would give 5.7 X 4 X 8 X 10 ss 76 
amps. This, of course. Is without any rheostat in circuit with the motors. The 
same problem can be worked out by the table given on page 271. 

The following example will illustrate the use of this table: 

EzAXFLX— Given a car weighing 13,000 lbs. loaded; the grade at the point 
where we wish to know the current is 4 per cent; speed required is 7 miles per 
hour; traction coefficient on this track is, say, 20 lbs.; motor efficiency is 80 per 
oent; ctirrent delivered at 500 volts. The current taken at this point will be equal 
to watts in table, shown at intersection of 4 per cent grade and 20 coefficient, 
smltiplied as follows: 

196.9 X 7 (m iles per hour) X 6 (tons weight) ^ _ ^ ^^ 
^Wlci»i>cy)xb0()Wt#Dr6«w#) -»'«»wi«' 
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It is extremely difficult to give the exact speed at which a car will ascend a 
glren grade, for each equipment will fall in speed in mounting a grade until the 
counter e. m. f. of the motors has been reduced to such a point that the current is 
(rafficieiit to propel the car up the grade. This point 19 vaiiable, depending upoi 
theequipmenti 
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In considering the copper service on grades, the cars coming down grade 
require less carmnt than tliose ascending, and generally above a 8' per cent grade 
a car will float with open controller after being started np to speed. It is very 
important to maintain potential at grades in order that the car can climb the 
grade at good speed, and to I'ednce the heating of the motors; and if the schedule 
can be maintained np grades the motorman will not be called on to make up time 
by coasting too fast down grade. The usual practice of feeder taps from trolley 
to feeder every ten or eight poles on levels should, on grades, be reduced to six 
or four poles, in order to maintain the feeder pressure at trolley wire. The 
headway of the cars will have to be known in order to get the average current 
demand, but the average demand is taken care of when provision is made for 
the maximum demand. 

In the operation of a railway it is necessary at times to operate more can 
over a section of track than are required by schedule, and fixing the maxi- 
mum current demand is purely a local problem. The maximum demand is nsU' 
ally figured for a total drop of 140 volts where 500 volts are used at the station, 
and 150 volts with a 550 station voltage. 

There are a number of ways in which the copper investment can be reduced to 
handle this maximum load, some of which are given on page 876. By estimating 
the possible number of cars that could be massed together and using the constant 
given for each individual car, the maximum demand can be determined. 

Theoretical Watts Per Ton of 2,000 [libs, and Per Mile Per Hoar, 
with Various Grades and Traetion Coefficients. 



Grade 


CcBmciENT, nf Pounds Dkaw Bar Pull Per Ton. 


Per Cent. 


12 


13.5 


15 


18 


20 


25 


80 

69.7 
99.5 
139.2 
179.0 


85 


40 

79.6 
119.4 
159.1 
198.9 


50 


60 




1 

2 

8 


23.9 
68.7 
103.4 
143.2 


26.9 
6C.6 
106.4 
146.2 


29.8 
69.6 
109.4 
149.2 


85.8 
75.6 
115.4 
155.2 


89.8 
79.6 
119.4 
159.1 


49.7 
89.4 
129.3 
169.1 


69.6 
109.4 
149.2 
189.0 


99.5 
189.2 
179.0 
218.8 


119.4 
159.1 
198.9 
238.7 


4 

6 

6 

7 


183.0 
222.8 
262.6 
802.4 


186.0 
2-w>5.8 
266.6 
805.4 


189.0 
228.8 
268.5 
308.3 


194.9 
284.7 
274.5 
814.8 


198.9 
238.7 
278.5 
818.8 


208.9 
248.7 
288.4 
82R.2 


218.8 
258.6 
298.4 
838.1 


228.5 
268.8 
808.3 
848.1 


288.7 
278.5 
818.8 
858.1 


258.6 
288.4 
888.1 
878.0 


278.5 
818.8 
858.1 
897.9 


8 

9 

10 

11 


842.4 
881.9 
421.7 
461.5 


845.1 
384.9 
4.34.7 
464.5 


848.1 
887.9 
427.7 
467.5 


854.1 
893.9 
488.7 
473.5 


858.1 
897.9 
437.6 
477.4 


868.0 
407.8 
447.6 
487.4 


878.0 
417.8 
457.5 
497.8 


887.9 
427.7 
467.5 
507.2 


897.9 
487.6 
477.4 
517.2 


417.8 
467.5 
497.3 
487.1 


437.6 
477.4 
517.2 
567.0 


12 

13 

14 

16 


601.8 
541.1 
5S0.9 
6^.7 


501.8 
544.1 
.'83.9 
628.6 


507.2 
547.1 
586.8 
626.6 


513.2 
558.0 
592.8 
682.6 


517.2 
557.0 
596.8 
636.6 


527.2 

567.0 
606.7 
646.6 


587.1 
676.9 
616.7 
656.5 


647.1 
586.8 
626.6 
666.4 


657.0 
696.8 
686.6 
676.4 


578.9 
616.7 
656.5 
696.8 


606.8 
686.6 
676.4 
71<W 



Multiple feeder Table I (Fig. 236a) gives resistance for any distance up to 6333 
ft. for all ordinary feeders and trolley wires, together with their usual combinations. 

Multiple feeder Table II (Fig.a35B) gives resistance for any distance up to 48,0U0 
ftfor all ordinary feeders and trolley wires, together with their usual combliiationi*- 

These are praetioal feeder charts based on resistance and dicolar mils. 
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PBOFOBTIONINO FB1&B15B8. 

After the cnnent for the feeders has .been determined, the next qnestion Is 
the location of the feeding sections and the proper disposition of the copper 
to get maximum potential delivery. This copper may be. in one or seyeral 
feeders. Where it is combined into one feeder, the cost of copper, per volt drop, 
is least. The cost of supporting this feeder is less, and the strains which it im- 
poses on the pole line and the surface it presents to wind pressure, are all in fayor 
of the single feeder. The sub-diyision of the feeders and the connection of these 
separate divisions to different circuit breakers in the station is for safety. The 
sub-division of the feeders may be said to have been originally due to the em- 
ployment of fuses as safety devices. The action of the fuse required the dividing 
of the feeding systems up into a number of independently fed sections, but the 
modem circuit breaker, being much more prompt in its action, provides ample 
safety for the electrical machinery. Fuses, if placed between separate feeders 
on the line, will open when any section is grounded, so that in rewiring or recon- 
structing old distribution systems it is desirable to inter-connect the neighboring 
feeders by fuses, and thus get the most effective use of ttie copper. 

The diagram on page 272 shows the application of this principle of locating 
feeders to a road 16,500 ft. long, on which the cars are 600 ft. apart with a 12 per 
cent drop; ordinates are drawn every 600 f I. or for each car, and their length 
represents the ampere feet required at each point. To apply this diagram to the 
case of a road with cars a greater or less distance apart the ampere feet required 
will be inversely proportional to the car spacing; thus with cars 8000 ft. apart 
the values in ampere feet will be one-sixth of the values given in the diagram. 
The ampere feet are given in column 15 in the table on page 274, from which 
the different conductors can readily be selected and applied to find the least 
f^seder cost f orthis distribution. 

It will be seen from this diagram that the feeding sections grow smaller as 
the distance increases from the station, so also this method of laying out feeders 
gives each feeder uniform service. The limiting distances for No. 0, No. 00 and 
No. 000 feeders, applied to the problem worked out, are shown in the diagram. 
The ordinates below the datum line show the current consumed by the cars at 
each point. This current multiplied by the distance from the station, gives the 
ordinates above the datum line, which are the ampere feet. With a road in which 
the feeders traverse short cuts, /. /. do not follow the trolley line, the problem 
would have to be arranged so that the distribution takes place from the inter- 
section of the feeder and trolley, and the distance In feet to the station from this 
point, would be the feeder length. 

VfVATL% Diagram for Simple Transmission.— The diagram on page 875 
will give the correct size of wire to use in power transmission, from a distance of 
1000 ft. to 25,000 ft., and from no drop to 200 volts drop. On the lower margin of 
thlA diagram will be found current in amperes. On the right vertical edge will be 
found distance in feet On the left vertical edge will be found volts drop. On 
the top of the sheet will be found sizes of wire, with a heavy line yertically 
through the diagram for each si::e of wiie. 

Any wiring problem within the values given on the diagram can be solved as 
follows: Suppose we had 200 amps, to carry 8 miles with 60 volts drop. Start 
at the bottom of the diagram at 200 amps., follow this vertical line np nntU it 
Intersects the horizontal line from 50 volts on the left hand vertical scale, pass 
along the radial line from this point until the horizontal line from 8 miles is met. 
The vertical line passing through at this point will lead upwards ontU the scale of 
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wiio is reached, and this will be 67>S00 circ. mils, the valne songht. Any three 
conditions required of a railroad feeder being known the fourth can be de- 
termined graphically by this diagram. For inctancc, suppose we had No. 0000 wire 
and wished to find out how far this would take 100 amps, with 75 volts 
drop. This problem can be solved by finding the intersection of the 100 
amps, and 75 volt lines and passing down the radial line intersecting this 
point until the vertical line extending from the circ. mils scale from No. 0000 
wire is reached. Then the horizontal line intersecting at this point from 
the saiie of feet will give the distance in feet that the current can be car 
ried with this wire and with this loss. The problem of finding the cuiTcnt, 
having given distance, size wire and drop, can be solved as follows: First, 
find the intersection of the wire with tiie distance, and then pass along the 
radial line intersecting at th s point until the volts drop is reached. Then 
the vertical line also intersecting at this point with the radial drop line will lead 
to a hcrizonlal scale in amperes and satisfy the other conditions of this equation. 
The other required problem, to find the volts drop when the size of wire, current 
and distance are given, can be worked out in the same way. The conductor 
length is given in feet single distance and the diagram should not be used for a 
metallic circuit; for in that case it shows only half the amount of copper nec- 
essary. 

Ml]XTTPI.E FISISDING. 

Another problem that often arises in railway feeders is to find the multiple 
feeding resistance of several conductors when the current is delivei-ed at one 
point. The rule for this is to multiply together two resistances, and divide their 
product by the sum of their resistances. If another conductor is feeding in 
multiple with these two and the correct resistance of these three conductors in 
multiple is sought, the combined resistance of the first two must first bo determined 
and then combined with the third conductor in the same way. For tests on copper 
conductivity see page 88 and for tests on line conductivity see pages 46 and 47. 

It is usual to run two feeders from one circuit breaker in the station to each 
continuous section, but considerable money can often be saved by combin^g two 
feeders Into one, giving one equivalent cross section of the two. For instance, 
2 miles of triple braided No. 0000 wire weigh 8184 lbs., of which about 1600 lbs. is 
insulation. If now, a single 450,000 circ. mils cable were used instead, it would 
weigh 8392 lbs., of which only 1000 lbs. is insulation, and the drop of this mile 
transmission would be lower by 8 per cent than with the two No. 0000 feeders. 
The tendency in modem line construction is to use larger and fewer feeders, 
advantages being found in line cost, location of weight on pole, and copper 
economy. 

CONSTRUCTION AND JOINTING OF FFEDEBS, 

The insulation generally used on wires is known as weatherproof, and it 
consists of two or three braidings of jute, which should be thoroughly impreg- 
nated with a water-proofing compound. The covering and compound should be 
tough enough to resist considerable abrasion, and there should be no decrease in 
insulation rcfjistance with 110 volts, after several hours immersion in water. 

It has been the practice in the past to*tin the wires of stranded cables. Tin- 
ning increases the resistance of the wire, for it combines with the surface 
copper, and the effect is to slightly reduce the conductivity of the wire. There its 
no reason foi tinning copper where weather-proof covering is used, except where 
the feeder is exposed to salt sea air, and in mining districts where the a:r is laden 
with corrosive gases. Where cables are spliced it is very easy to tin the strands 
before making the splices. 
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Tbe ordinary Western Tnlon Joint, sliown at A in Fig. 837, ia satiaf actory 
where the wires are Ko» or smaller. Good results, however, are not obtained 
with this joint when the wire Is larger than No. 0. The best joint in such cases is 
made by turning the ends sharply at right angles, paralleling two wires, wrapping 
with No. 12 copper wire, and then soldering the joint, as shown at B, Solder is 
usually poured over a joint of this kind, but care should be taken that the wire is hot 
when the soldering is done. The best way to heat the joint is to use blow lamps, 
placing the joint on a board. With a little experience the best results may be 
obtained with resin as a flux, but soldering acids and compounds are generally 
used. The lap of the two wires on this splice joint should be at least twelve times 
the diameter of the wire. If properly soldered, this joint will then be as strong as 
any other part of the conductor. Exposed joints should be served with at least 
four layers of adhesive tape, so that the joint will be as well protected as the 
insulated wire. A splice in stranded cables is usually made by interweaving Ihe 
strands of the two cables. Several methods often employed are shown at C and D 
(Fig. 237), but to make the joint electrically satisfactory each wire should be 
separately tinned before the two cable ends are interlaced. The connection is 
then served with No. 20 copper wire, as shown. 

THE FEEDER INSUIJI.TOBS. 

In addition to the insulation covering on the feeder wire, a second insolation 
diould be introduced between the feed wire and its mechanical supports. The 
materials generally used for this purpose are porcelain, glass and compounds of 
mica and shellac, rubber and asbestos. The mechanical properties of this insn- 
lation should be such that It will stand strains without fracture, and that the 
surface will not absorb moisture. Glass or porcelain is generally used for No. 
000 feeders or smaller, but for larger feeders with long spans, exceedingly strong 
insulators should be selected, especially where it is also necessary to use an iron 
pin. Porcelain has been greatly improved in strength during recent years, and 
the present method of firing it in the kiln has thoroughly vitrified the body of the 
insulator, still leaving it tough. For the testing of insulators see pages 74 to 78. 

In the saddle form of insulator, shown at C, Fig. 238, with butterfly wings, the 
portion of the insulator where the wire rests should be provided with rounded edges 
BO as not to abrade the wire if there is any movement of the feeder due to tempera- 
ture changes. The flarings of the i>etticoat should not be wide enough to allow 
water to spatter under them from the cross arm, or narrow enough to invite 
insects to make cocoons and nests In them. Where a flaring petticoat is used, 
the top of the cross arm may be rounded and the edge of the insulators made 
helmet-shaped, so that the drip shall fall outside the cross arm, but these consid- 
erations are more pertinent in high tension transmission work. 

The strength of insulators can be tested as follows: Place two of the regular 
pins 24 ins. apart in a wooden beam, 4 ins. x 6 Ins., and tie down into the top of 
the Bide groove of the insulator a ^-in. rod of iron 28 ins. long. A strain by a 
lever that will give a permanent set to this rod should not fracture the insulator. 
A test should be given for both top and side strains. The method of making this 
relative strain test is shown in Fig. 239. No copper line can withstand such 
strains to an insulator as these tests impose. The strain on the copper conductor 
i8 a limiting mechanical factor beyond which it is not profitable to increase the 
Strength of the pole line. 

The composite insulator, which is formed of a metallic saddle for the feeder 
and a metallic bushing for the pin, is a form of insulator largely used. These 
two metallic parts are held together and insulated from each other by insulating 
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mfttsrlal which is Kenerall j moulded Into place under heat and great piearare. 
The desiiable qualities in the composition naed are that It hare snfllcient me* 
rhaniral strength and that the strength he maintained when the temperatnre of 
the inanlator has been raised to 150 degs. Fahr. Toe wont fault cl these com- 
posite insulators is that they become plastic in warm weather and yield to eon- 
ductor strains. This compoeite insulating material should not be aifected by 
rain so if any of the substances in the composition are dissotred, a rooghened 
surface is produced which will hold dirt and caose leakage. 

Where the line passes through trees it must be protected from contact witti 
tile latter, as the morement of the branches by the wind abrades the insulatiai& of 
the wire. For cases of this kind the split wooden sheath, shown in J^ in Fig. 238, 
Isoftennsed. ThisBhonld be held firmly in position so as not to slip along the 
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wire, but the really best protection, where it is possible, is to pull the feeder away 
by guying it to another limb. If a split porcelain insulator is naed to enclose the 
feeder and the guy twisted around the porcelain insulator and some tension pat 
a it to an adjacent limb, the tree and the wire are both free to moTe withont any 
considerable strain. 

THS POIJE UNE. 

iWooden poles are divided into classes dependent on their form, growth 
and symmetry. The woods generally used are chestnut, hard pine and cedar.. 

As a rule, the dimensions of round wooden poles should bear the re> 
lations shown in the table on next page. 

Cedar poles oyer 47 ft. long should not be used, as the wind and con- 
ductor strains are liable to break them down. All first-class chestnut 
poles should be second growth— that is, a pole grown from an ofEshoot of 
ft chestnut tree that has been cut down. This can be determined by the 
annual rings being larger and of a lighter color, as shown at A. in Fig. 
889, or by the knot holes being nearer the top of the pole. If the bark U 
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on the pole the serrations shculd not be deep in second growth chestnut. 
A pole should be fairly round, and not vary more than 10 per cent. 
from true diameter all around its surface. 

DIMSNSIOXS OF BOUMD WOODBN POI^S. 
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In order that the pole line have a neat appearance, the poles must 
be straight; no deflection greater than 4 per cent should be allowed 
from the center line. A pole should be cut down when the sap is not 
running, either in midwinter or summer, in order to give the best life, 
as the sap contains the elements that decompose and start dry and wet 
rot 

After the pole is cut It should be allowed to stand with the bark on 
It, if exposed to the sun and weather, to season; otherwise it will be sun- 
checked— that is having cracks which run parallel to the trunk shown at B^ Fig. 
240 and expose the interior of the pole to rot 

A wind-shaken pole, shown at D, is one which has been subjected to 
severe wind storms during growth, which have fractured the fibres thus 
permanently weakening the pole. 

Heart rot in second growth chestnut is generally near or at the ))utt. 
If a pole is affected by rot where it is exposed after peeling, internal rot 
will show on the surface of the pole by dark spots of fungi over the affected 
parts; when exposed for any length of time fungi will grow on the outside 
of the pole over the rotten portions. Knot holes larger than % in. within 
10 ft. of the butt greatly decrease the strength of the pole, for at this 
point the greatest strain comes. Knot holes where the core has dropped 
out or is loose. Indicate premature decay in poles. These points are given 
to indicate what to look for in the selection of flrst-class poles. 

Chestnut deteriorates rapidly when the surface sap wood is cut, and. 
for this reason hard pine is usually employed where special shapes, such as 
hexagon, octagon, beveled or turned poles, are required. These are not, 
as a rule, made longer than 40 ft. In the selection of sawed poles the 
heart should be near the axis of the pole. Wavy grain lines, as at E^ on 
a sawed pole indicate that it was sawed from a crooked log, and heavy side 
atraina are very liable to fracture such timber. 

Cedar has neither the elasticity nor tensile strength of chestnut or 
hard pine of the same size, the fracture being a sharp one across the 
fibre, aa shown at (7, while chestnut still maintains its fibrous fracture 
when broken, as shown at F, Cedar, however, can be secured of very 
uniform sizes, and in some sections the increased sizes necessary to equal 
chestnut and hard pine in tensile strength still makes it a cheaper pole. 

Iron tubular poles are made up to 50 feet high; both the standard pole 
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and the extra strong poles are made to meet the yariation in line 
■trains. Taking one length most commonly used, which is 31 feet, they 
are usually divided into five classes: 

Lateral strain in Pounds which will give 

Ihs. to show 6 in. deflection, permanent set of Vx in. 

No. 1 ^ 3501bs. TOOlbs. 

No. 2 500 •• 1000 " 

No. 3 700 •• 1200" 

No. 4 1000" 1700" 

No. 5. 2000 •• 2600 •• 




Fto* SMOL— OBABAOTBRS OP WOOD FOB POtAf. 

Tlie test should he made when the pole is set in a proper concrete bed 
6 ft. deep* and the strain applied to the top of the pole. 

The pole should be as nearly round as possible; should not deviate 
Vkor* than % in. t>etween maximum and minimum diameter, and thick- 
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nes8 of tube should not vary more than ^/ss-in.; %-in. is the greatest 
deyiatlon that will be allowed from true diameter at the top &f the pole. 
As these poles are made up of sections, some proyision should be made 
to test them where these sections are mechanically connected together. 
One proTislon inserted is that the pole should be dropped a distance of 
6 ft, butt foremo&t, on a solid foundation, three times without the Joints 
loosening. 

There are two ways of connecting the different lengths, one is by 
heating the larger pipe, and,while hot,swaging the Jarger pipe down to the 
smaller cold pipe, over a length of about four times its diameter; when 
this Joint cools the shrinkage of the outer pipe grips the inner pipe; 
tests of these joints usually show that they are stronger than either of the 
single pipes to both compression and lateral strains. 

The other method is to introduce between the inner and outer pipe a 
rusting mixture, usually of sal ammoniac and iron filings; in oxidizing, 
this mixture increases its volume, thus expanding and making a union be- 
tween these sections. In testing this class of pipe for deflection the Joints 
sometimes yield and show more permanent deflection than is caused by 
the pipe alone. These poles are usually constructed by uniting three 
sections of round pipe. 

A guard ring slipped over the pole to rest on the earth at its base has 
been used, but water is retained here, rusting the pole at the point where 
it hn's to bear the greatest strain. These have been removed in a nnm- 
ber of cases and the life of the pole prolonged. 

The following weights and lengths are usually carried in stock: 

27 ft. long, 240 to 350 I'bs., standard; 335 to 560 lbs., extra strong. 

28 ft. long, 250 to 610 lbs., standard; 345 to 1175 lbs., extra strong. 
30 ft. long, 270 to 780 lbs., sUndard; 375 to 1380 lbs., extra strong. 
35 ft. long, 800 to 1050 lbs., standard; 890 to 1C70 lbs., extra strong. 
40 ft. long, %0 to 1530 lbs., standard; 1335 to 2355 lbs., extra strong. 
^ ft. long, 1174 to 1665 lbs., standard; 1835 to 2000 lbs., extra strong. 
50 ft. long, 1345 to 1800 lbs., standard; 19d5 to 2835 lbs., extra strong. 

Por pole testing rig see page 73. The results of some pole tests are given 

below. 

"Wooden Poles.— 

•Round 
bottom. Top. Deflection. Chestnut. Cedar. 

10% in. 5% in. 7 in. 340 lbs. to 510 lbs. 360 lbs. to 406 lbs. 

11% " 6% •• 7 " 405 " •• 680 " 432 " " 540 " 

12% " 7% " 7 •• 490 •• •' »35 " 495 " " 675 " 

The above was the average of a number of experiments. 

Lattice Poles.— I. Length over all 26 ft. 6 Ins., unsupported length 20 ft. 71ns. 
Laced from bntt plate with middle plate. 

II. Length over all 28 ft. 6 ins., unsupported length 22 ft. 6 ins. Gusset plates 
between butt and top plate. 

L Blastic limit 1,540 bs. Deflection 10 ins. j. Pole lattices were flUed with 

EL ** " 8,840 ** ** 14 " ' cement. 
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TESTS ON STANDARD IRON TBOIXEY POUSS. 
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EXTRA IRON HEAYT POLBS. 
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A selected lot of poles costs more than the run of the stock, yet in 
ordinary trolley line construction money can be saved by designating 
exactly how many of each class of pole will be required, the test and 
most uniform poles being for streets and highways, and the poorer quali- 
ties used along the country roads. Corner poles and those required to 
support extra span strains should be Bpeciallj listed in the speciflcations; also 
stubs and anchors or foundation timbers. 

Specifications are varied for every class of line construction, but the 
usual clauses which relate to the class of pole to be delivered are as 
follows: 

Round poles, first class. 

There are to be ( ') poles, ( ) feet long, with an average butt 

diameter of ( ^) in. and an average top diameter of ( ") in., to be a 

gradual taper from the bottom to the top, to have no deflection bend or 

twist which will give the pole a greater deflection than ( ) per cent 

from the true axis, that the pole shall be peeled clean of bark and liibre, 
that sun cracks shall not show on the surface of the pole, neither shall 

it be wind- shaken or checked; no knots over ( ) in. will be passed la 

this claiB. The butt shall be sa.wed square and the top chamfered at an 
angle of 45 degs., the knots shall be trimmed close, gains for cross arms to be 
cut— 7^ ins. from the bottom of chamfer, and to be cut — ins. deep and — ins. 
wide. These poles will all be of wood and show no signs of dry or wet rot 

For square sawed poles the specifications vary in this way: The pole . 

•haU be ( ^ in. by ( ) in. at butt and ( ^) in. by ( ^) in. at the 

lop; slkall be planed and chamfered, the heart of the tree •hall be central 
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to the ions side of tbe timlber; where this pole Is to he heyeled on the 
edge the width of the (bevel should he given/ also where It is to begin, 
how far from butt of pole. In hexagon poles the length of the sides of 
the hexagon, as well as the diameter of the pole, should be given, as also 
the taper of the poles. In fancy turned poles the height of hexagon and 
beginning of turned part of poles should also be given. Built-up poles 
are special, and need drawings to clearly define the design. The length 
of a wooden pole may vary within such wide limits that sizes will have 
to be selected to give ample factor of safety for the line strains thrown 
on them, and depends on the soundness and preservation of the wood to 
maintain the line in service. A pole that has been thoroughly weather 
cured standing is stronger than a new pole which is partially green. A 
green pole shows greater deflection and less tensile strength than one that 
has been standing some time, so lumbermen do not like to be bound in a 
specification to the deflection and breaking strains which are applicable 
to iron poles, and they are not usually inserted. 

Iron poles. The weight and dimensions of each section and total 
length of pole are usually specified. The composition of the metal re- 
quired may 'be specifled, seamless steel tube now (being generally used. 
The method of putting the sections together may ^be restricted in the 
specifications; the tensile strength, as well as the deflection and permanent 
deflection for different strains, are usually incorporated. To be delivered 

painted with ( ) coats of anti-rusting paint is required; also a turned 

plug of wood driven in at the butt end, and sometimes at the top, is nec« 
•ssary where ther are to be handled much in transportation. Collars, 
flanges and tops are accessories in most cases on the pole. Manufacturers 
can drill any holes in the pole without any appreciable advance on the 
first cost ^ese poles, with their sizes, should 4>e located and specifled. 

Lattice poles vary so much in the angles and spacing of the lattice, 
the slope and character of base, that the contractor or manufacturer 
should indicate what is desired or what will be furnished by a drawing. 
The pole can be specifled regarding its mechanical strength and deflection 
Ihe same as the round pole. 

Fancy and special poles are not standard, and cannot be subject to 
general speclfloations, unless the product of a single manufacturer is to be 
adopted. 

For ordinary shapes and special poles see Flf?. 241. 

With wooden poles the depth of setting is determined by the line strains, bat 
roughly the pole is set 18 per cent of its length in the ground. For wooden poles 
the hole should be dug of as small diameter as possible with convenience In 
digging. In clay ground it should not be larger than 15 Ins. at the bottom and 90 
ins. at the top. A foot-stone is generally placed at the bottom of the pole on the 
side opposite from where the strain will fall on the pole. The earth should be 
well tamped around the pole, and only a few Inches of earth should be thrown in 
at a time. The life of a pole can be considerably prolonged by treating it with 
creosote. Painting the butt of the pole with pigment, which does not enter the 
pores of the wood, decreases, rather than increaees, the life of the pole. Where 
sandy ground is encountered, such as will not well support a pole, barrels may be 
buried one upon another, and the pole set in these barrels, as shown in Fig. 242; 
where iron poles are to be set in concrete in very sandy soils, the same method can 
also be used. 

Poles boiled in marshy grounds have to be provided with a structure which 
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will increase their bearin^r areas. Figs. 248, S44, S45 show common methods of 
these confitractions. The support of the pole in soft gronnd has also to be assisted 
by head guys or brace stads. 

In case of iron poles the snif ace presented does not give a snfflcient bearing 
area against the soil to carry the strain which the pole is designed to rcsict, ^o 
concrete is used aronnd the base to enlarge the foundation area between the earth 
and the pole. Fig. 246 shows the standard setting. 





Pigs. 242 and 243.— pols settiho iw yiBLDura eBOUKO. 



.,_* 





Figs. 244 and 245.— special pole tootinqs. 



The concrete should be composed of one part Portland cement, two parts 
sharp sand, and four parts broken rock of the size to pass through a 2-inch ring in 
any direction. The sand and cement should first be thoroughly mixed together 
while dry, then enough water added to dampen the material and then turned until 
entirely mixed. The stone is then added and the whole concrete mixed together. 
Care should be taken that the hole in which the pole is set has fairly smooth sides, 
so that in tamping the concrete in place dirt will not be knocked down and mixed 
with the concrete, and so destroy its usefulness. The setting of iron polet in 
marshy or loose ground requires about the same special ttractoie aathown in 
Fig.242. 
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Where hard stone Is met in a few holes only, and in not sufficient quantity to 
warrant the use of a steam drill or dynamite, a piece of iron pipe slif^htly larger 
than the butt of the pole can be filed with teeth at one end, and by rotating this 
and feeding with emery and water, the hardest rock can be cat to the depth of 4 ft. 
in a few hoars; the core can then be broken oat with a chisel. Where concrete is 




Fig. 846.~ibon pole ssti^ 

Ufa IN CONOBSTS. 





As. 84&— MITHOO OF 
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mixed at one place and carted to the pole line it shonld be made very wet, and 
the slow setting variety of cements only should be used. Concrete shoald always 
be tamped ontll a smooth sorface shows on the top. 

Baising the poles and lowering them into the holes is generally done by 
a portable derrick mounted on a heavy dray, together with a crab winch (see 
Fig. S47). This is driven as close to the pole hole as possible— the pole previ- 
oosly being rolled parallel to the road, as close to the hole as convenient, or it can 
be raised directly from the dray. A chain is rigged around the pole a little above 
its centre of gravity,and the pole raised up into a vertical position, and the derrick 
moved over until the pole is directly over the hole. The bottom end of an iron 
pole iboold be plugged np flash with a wooden plug at leait 6 inchM long. Tbtpole 
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iB guided down fhe hole against a skid plank nntil it rests on the 8 inches of 
cement and guyed into position, see Fig. 248. The rake of the pole should be 
from 8 inches to 12 inches, depending on the flexure of the pole and the character 
of the foundations. A leyel shown in Fig. 249 is very useful for yarying and 
determining rakes, and by sliding a 1^ inch projection on one edge of the level 
any rake can be determined from 7^ inches to 16 inches for a 24 foot pole, and the 
pole can be set by means of this leyel. Do not'attempt to set the pole by the eye, 
as a crooked tree or nneyen ground will throw the pole out, and it is very 
important in straight line work to keep the rake the same on all poles in order 
that the flnal pole line will pull up nearly straight and present a neat appearance. 
The table below gives poles per mile upon diilerent spadngs and the weights 
of line wire they will have to bear. 



WBIGHT OF WIBE SVPPOBTBD BT FOI<£S. 
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Approximate Weight of B A S Wire, 
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Poles per 


Weather Proof. Double Braided. 


Lbs. 
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No. 1. 


No.O. 


No. 00 


No. 000 


No. 0000. 


40 


182.00 


12.9 


15.1 


18.9 


24.2 


80.8 


60 


106.60 


16.1 


18.9 


28.6 


80.8 


87.8 


60 


88.00 


19.8 


22.7 


28.4 


86.8 


45.4 


70 


76.48 


22.6 


26.5 


83.1 


42.4 


68U) 


80 


66.00 


26.8 


80.8 


87.9 


48.8 


60.6 


85 


02.11 


2r.8 


82.2 


40.8 


61.5 


64.4 


90 


68.66 


28.9 


84.09 


42.6 


54.5 


68.16 


96 


65.57 


80.6 


85.9 


44.9 


67.5 


71.8 


100 


62.80 


82.2 


87.8 


47.3 


60.6 


75.6 


106 


50.28 


88.8 


89.7 


49.6 


68.6 


79.4 


110 


48.00 


85.4 


41.7 


52.1 


66.6 


88.4 


115 


45.91 


87.06 


48.5 


54.4 


69.6 


87.0 


120 


44.00 


88.7 


45.4 


66.8 


72.7 


90.6 


126 


42.24 


40.2 


47.8 


60.1 


75.7 


94.6 


180 


40.01 


41.8 


49.2 


61.5 


78.7 


98.4 


185 


89.11 


48.4 


51.1 


68.9 


81.8 


102.2 


140 


87.n 


46.06 


58.08 


66.8 


84.8 


106.0 


145 


86.41 


46.6 


54.9 


68.6 


87.8 


109.8 


150 


85.20 


48.8 


66.8 


71.0 


90.9 


118,6 


160 


38.00 


51.6 


60.6 


75.8 


96.9 


121:2 


170 


81.06 


64.7 


64.8 


80.4 


108.0 


128.6 


180 


29.88 


67.9 


68.2 


85.8 


109.1 


186.4 


190 


27.79 


61.2 


71.9 


89.9 


115.1 


148.8 


200 


26.40 


64.6 


75.7 


94.6 


121.2 


151.4 


210 


24.76 


68.6 


80.8 


101.0 


129.2 


161.6 


220 


24.00 


70.8 


88.8 


104.1 


188.8 


166.64 



Pole ntttiigs«~The standard wooden cross arms usually kept in stock ai« 
given in Fig. 290 with the dimensions and spacing for pins. Cross arms are 
usually kept in white or Norway pine or long leaf yellow pine. The tensile 
strength of Norway pine is approximately 10,700 lbs. to the sq. in., and the 
bxteklng croM load for long leaf yellow pine is jUjBOO lbs. to the sq. in. Thtt 
br«akinf cross load for the ttandardilM of cross arm Is 8830 lbs. for whltfij 
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pine and 6000 lt». for rellow pine. Records show that the longr leaf pine 
Is 40 per cent stronger, but the yellow 1b more durable, as it does not rot 
•o readily where the iron baits pierce the cross arm, which is the point 
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at which the cross arm has to bear the greatest strain. In order to avoid 
piercing the wood at this point with wooden poles and also where wooden 
eross arms are used on iron poles, straps and plates are employed, as 
tiiown in Fig. 250. Tbe pole is i^ained in the regular way (whexi wooden^ but 
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where the pole Is iron, « saddle Is cut into the cross arm to make it fit 
the pole and thus increase the bearing area of the cross arm. Fig.SGO 
shows a cast-iron fitting to attach a wooden cross arm to an iron pole. 7, Fig. S51, 
shows a split cross arm conHtmction where the insulator pin is also the spacing 
piece between the two halves. For securing cross arms to poles in railroad feeder 
work, nee 1^-in. galvanized bolts, and lag screws instead of ^in. Cross arms 
should be planed straight grained and painted with two coats of Princess metallic 
paint, made up in the proportion of 7 lbs. to 1 gal. of pure linseed oil. 

Three designs of split cast-iron brackets are shown in Fig. 949. The two 
halves clamp the pole hj two bolts which pull them together; the threads of the 
top bolt catch the whole strain in this method of fastening. The diameter of the 
pole at point of connection with cross arms can only vary 1 in. for this style of 
fastening. Instead of a cast-iron cross arm, a sheet-steel punched cross arm made 
in two duplicate halves, is shown in Fig. 251. The elasticity of the two halves 
allows for considerable variation in the size of poles. Four bolts hold tha 
halves together and either iron or wooden insulator pins can be used. 
Side arms are rery useful in dodging trees; where the poles liave to be 
set at a fixed distance from the curb, the arm may be swung either side 
of the pole, and the feeders in this way cleared of tree contacts. 8 and 
9 show the two, three and one pin arm method of fastening. 

In some instances the feeden* have to be supported on structures. 10 shows 
them carried under an elevated railroad. At A. is shown the general ar- 
rangement, at B the suspension irons, at C the porcelain insulator, at B 
the spacing washer between insulators. A %-in. iron pipe threads these 
insulators, which are placed every 12 ft. to 26 ft. 11 shows how a wire support 
is made where house connection can be made, but no pole can be set. Tha 
feeders are tied in the insulators in this case, and the span wire is also insii- 
lated by strain insulators. 

ERECTION OF SPAN AND TBOLIiET WIBES. 

After the poles have been set long enough to have the concrete hardened, or 
the ground settle, the span wires are strung in position. In some cases guard 
wires are required, but as a general rule guard wire construction is falling into 
disfavor, because it has been found to add a greater hazard to the overhead line 
construction. 

The span wire usually employed is of galvanized steel, or Swedish lron,conslat- 
ing of seven strands, and with general dimensions as follows : 

Diameter of each wire in inches 07 .11 .12 .185 

Outside approximate diameter in inches \ -K | jl 

Weight per 100 ft. in pounds 10 21 29 M 

Yards perlOO lbs 807 209 180 88 

Breaking strains in pounds average 2500 8950 4800 6100 

In some cases No. 1 B. <fc 8. galvanized wiped Swedish iron Is used, with No. 
trolley in short spans, and two No. 1 wires are twisted together for long spans 
and anchor guys. Stranded span wires give considerable less line maintenance 
cost, after several years of use. Guard wire spans are No. 8 B. A 8. galvaniaed 
iron, and for longitudinal guards. No. 10 B. & S. is usually specified. Before 
erecting the pole it should be provided with the proper gains and holes drilled 
in them to receive the pole fixtures. 

With wooden poles the span wire may be attached to the pole and adjusted 
by means of an eye bolt, shown at 1 in Fig. 262, or the fork bolt 2, or ratchets 6, 
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7 and 8, For Iron poles, clampe, as shown at 8, 4 or 6, can be used. Where attach- 
ment is made to a lattice pole below the pole top, or to a lattice column, the device 
shown at 9 may be used. Where a wall is used for the support of the span, a rosette 
and expansion eye bolt, shown at 10, can be employed. Where iron poles are 
nsed, tnm buckles, shown at 11, are required for takinf^ the slack out of the span 
wire; sometimes one eye of the turn buckle is insulated to reinforce the trolley 
Insulator. Insulated turn buckles are shown at 12 and 14. At 13 is shown a 
wooden strain insulatoi; At 17, 18 and 19 are shown different methods of splicing 
in the span wire to the eye of the pole fixtures. Nos. 15 and 16 show span wire 
insulators. 

The general methods of disposition of labor in active construction of trolley 
line work varies in nearly every case, depending on the conditions, material and 
labor on hand. The work is generally carried out in the following order; placing 
of pole fixtures, stringing up of the span wires, erection of guard wire, erection 
of trolley wires, erection of feed wires. When a dead trolley wire is put up it is 
generally unreeled under the span wires in the middle of the track, and tied with 
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temporary tie wires to the span wire, starting the trolley wire from two strain 
guys; the tension is then brought upon it. To erect a live trolley wire 
the reel is mounted on a fiat car with brake levers and is pushed ahead of the 
construction car with the trolley under tension, and immediately attached by 
means of suspension insulators to the span wires. In this way some 6 miles of 
trolley can be put up in a day. 

Where the feeder taps to the trolley wire, two methods are employed: One is 
to let the feeder tap act also as a span wire, and connect it by a jumper into the 
feeder ear, as shown in. Fig. 253; the other method is to put the feeder ear on a 
regular iron span wire, and above it stretch the feeder tap, «nd connect by a 
pig tail from the feeder tap to the trolley ear. This latter method of cpnstmctioin 
has several advantages; one is, if the trolley falls, it may break the .pig tail, and 
disconnect itself from the feeder. It also gives a ready method of disconnecting 
a grounded feeder from the trolley wire. It is found in practice; that a feeder for a 
•pan wire has neither tlie strength nor the durability of the iron span Wire, and 
this weak part of the overhead system can be strengthened by-4lnakingihe feeder 
tap only an electrical connection, without imposing on it f urtheif the carrying of 
beavy line strains. 
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The following strain table will give an approximate idea of the itrain on 
wires when erected for span wires. This table gives the distance of span in feet 
and the dip of the span wire in inches, with a single trolley and a doable trolley: 

TABIJB SHOWINO SAO OF SPAN IN INCHBS FOB DIFFEBENT 
TENSIONS AND IJSNGTHS OF SPANS. 



Spanih 
Fist. 



40. 
50 

eo, 

70. 
80 
90. 

100. 

110. 

130 



Stbain on Polis in Pounds. 



D. T. 8. T. 
500 lbs. 



15.4 
20.8 
88.8 
81.0 
87.6 
48.6 
40.5 
65.6 
61.0 



10.6 
18.6 
16.7 
19.9 
28.2 
26.7 
80.8 
84.0 
87.9 



D. T. 8. T. 
800 lbs. 



9.6 
18.0 
16.4 
19.9 
28.5 
27.2 
80.9 
84.7 
88.7 



6.6 
8.5 
10.4 
12.4 
14.5 
16.7 
18.9 
21.8 
28.7 



D. T. 8. T. 
1000 lbs. 



7.7 
10.4 
18.1 
15.9 
18 8 
21.8 
24.8 
27.8 
80.9 



6.8 
tt.8 
8.8 
9.9 
11.6 
18.4 
16.2 
17.0 
18.9 



D. T. 8. T. 
1500 lbs. 



5 1 
6.9 
8.8 
10.6 
12.6 
14.6 
16.6 
18.2 
20.6 



8.6 

4.6 
5.6 
6.6 
7.7 
8.9 
10.1 
11.8 
12.6 



D. T. 8. T. 
2000 lbs. 



8 9 
6.2 
6.6 
80 
9.4 
10 9 
12 4 
18.9 
15.5 



2.7 
8.4 
42 
4.9 
8.0 
6.6 
7.6 
8.6 
9.6 



In pnlling up span wires, the temperature of the air in which the work is 
done mnst be considered, for a span pulled up to 1500 lbs. at 10 degs. below zero 
Fahr., will only give a strain of 850 lbs. at 90 degs. Fahr., yet a ^in. span wire 
pulled np with 860 lbs. at 60 dogs. Fahr. will reach the breaking strain at 8 degs.' 
Fahr. below zero, providing the pole does not yield. But the result of constiuct- 
ing high tension line constiuction in hot weather is to throw the poles out of 
alignment. With a trolley wire more attention has to be paid to strains, because 
the distance over which these strains can be transmitted being greater, they fall di- 
rectly on the overhead line construction, and the effort to displace the overhead 
line fixtures by this tension must be taken care of by strain guys. 

In order to keep these strains from distorting curve work, strain guys must 
be placed at the tangent of the curve, adjacent to the curve, in order to relieve the 
pull oflis from any line strains. Copper trolley wire changes its length in each 
mile, 4^ ft, for 90 degs. vatiation of temperature. The right tension to put on a 
trolley wire is such that the rise and fall are taken up in the dip, and do not 
move the line fixtures longitudinally. If, for instance, the poles move with a 
change of temperature, it may be assumed that the line strains are being trans- 
mitted unduly. The way to determine whether this is taking place is to throw a 
long plumb bob line over the span wire and mark on the pavement the position 
of the span wire in the cool morning, then again at noonday when the sun has 
thoroughly warmed up the overhead construction. If there is no change in these 
two positions of the plumb bob with a taut trolley wire it is safe to assume that 
each span is automatically adjusting itself to temperature changes without caus- 
ing undue strains on the overhead construction. 

Orerhead line oonstmction is put up with all degrees of tension, \>ut it does 
not require very much observation to see that the high tension construction leads 
to less trolley wheel wear, and the wheel does not leave the trolley at high speeds 
as readily as with slack overhead construction. Appearances also certainly favor 
tout Uhm. 
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For approzimating the strahi pat on lines bj the block and fall, the distance 
moved by the polling roi>e, divided by the distance this pull moves the line onder 
tension, mnltiplied by the weight applied to the pull, gives the line tension. 

The different standard forms of trolley wire insulators are shown in Fig, 964. 
These fixtures shown hold a round trolley wire, but the ear may be so arranged 
as to hold a flgoie 8, or grooved trolley wire. 

Side-Arm Constraotlon.— To decrease line cost and pole obstructions, 
side-arm construction is often resorted ta Fig. 855 shows some of the typos 
used. The trolley wire fixtures for bracket suspension shown in Fig. 854 arc 
used for securing the trolley wire to the side-arm or bracket and insulating it 
therefrom. 

CUBTB CONSTBUCTION. 

Overhead work on curves should be so designed that the wheel will not leave 
the trolley wire in going around the curves. This is practically accomplished 
when the following precautions are observed: 

First. All line tensions should be taken off the trolley wire at the end of both 
tangents to the curve by running strain wires to take up this tension, (3, Fig. 266.) 

Second. The location of the curve of the trolley wire should not be directly 
over the center of the track except at points of tangency, but should depart from 
these points toward the center of the curve, the departure being greatest at the 
last named point. (1, Fig. 256.) The amount of departure at the center increases 
as the radius of the curve decreases. The table on page 800 shows what this 
should be for different radii. 

Third. Badii of the curves should not be less than 40 ft. Where curves as 
small as this mast be used, an improvement can be made by making the switches 
at the ends of the curves of a greater radius than the main part of the curve such 
as using 70 ft. radius at switches on 40 ft. curves; this eases the curve for about 
10 ft. at each end depending upon the position of track and center of trolley 
stand. The proper position of trolley wire around curves can be found by 
marking the center of stand on outline of celluloid car body in the same way as 
given on page 124 for locating cui*ves. 

Fourth. There should be a sufficient number of pull-offs around the curve, so 
that the deflection of the trolley wire at any one point will not be greater than 
10 degs. This is accomplished by properly spacing the pull-offs for curves of 
different ladii and also by having long ears bent to radius of curve. The table 
shows the distance apart the pull-offs should be in order that the angle be- 
tween the trolley wire and the pull-offs should not tend to throw the trolley 
wheel from the wire. 

In the construction of turnonts no additional poles are necessary as the poles 
for span wires are sufficient with the large radius of curvature. The pull-offs are 
connected with poles midway between the two overhead switches and the poles 
on the line with overhead switches. There are a number of different methods of 
attaching the pull-offs and of locating the pull-off poles. In Fig. 256, 2 shows one 
method. All pull-offs, Independent of their arrangement, must be provided with 
turn-buckles, so that they can be varied in length, thus enabling the trolley to 
be adjusted to the proper curve. Another method requiring short pull-offs is 
shown in 4, Fig. 266. The poles are set on opposite sides of the curves and heavy 
span wires ran between them, the pull-offs being adjusted to this wire. lu 
•nether method* known m the flexible method, the trolley wire is conne^*-*'' 
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to heavy span wires by means of pnll-offs, 6, Y\^. 256. Here all the pall-offs 
are arranged at right angles to the trolley soithat this method has the advant- 
age of equalizing all the strains on the different pull-offs, thus tending naturally 
to hold the trolley wire to a curve. 




Fie. 266.-<n7BTS oovstbuotiov. 



MThen there is a switch in the line, where it branches in the shape of a T, a 
general method is shown in 8, Fig. 266, where the pull-off pole is located in 
Use with the switch. 
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TBOLIiBY WIRE. 

Thifl should bo hard drawn and In as long length as possible. Several 
sections besides the ronnd are used as shown in Fig. 257, which leave 
the lower surface unobstructed for the trolley wheel to roll over. On high 
speed roads the flashing of the trolley at points of support gives trouble, and 
equipment breakdowns occur, due to the rise in induced potential caused by this 
sudden partial rupture of the circuit. The trolley wheel should not strike the 
insulator bell when worn down to 1^-ins. diameter. 

The tensile strength of round wire, soft and hard, is given in the following 
table. 



PBOPEBTISS OF SOLID COPPER WIRE. 

(B. a S. GAOB. BK6LI8H AND XBTBIO STSTBX8.) 





3>IAX. 


ABBA. 


WEIGHT. 


Bbbaking Stbain. 


i 




1 


I- 


3-8 








Kilo- 
grams 
per Kil- 
ometer. 


Hard Drawn 


Soft Drawn. 


1 

o 


OD 


6§ 

as 


1 

£ 


^S» 


GOOD 


460 


11.683 


211600 


.166190 


107.20 


641 


8882 


964.80 


8810 


3768 


6660 


2562 


000 


410 


10.404 


168100 


131798 


85 01 


509 


2687 


756.80 


6560 


2984 


4480 


2031 


00 


365 


0.266 


188225 


.104520 


67.48 


403 


2129 


600.20 


5226 


2870 


8553 


1611 





825 


8.251 


105625 


.082982 


58.47 


820 


1888 


480.40 


4558 


2067 


2818 


1277 


1 


280 


7.848 


88521 


.065738 


42.41 


253 


1835 


377.40 


8746 


1698 


2234 


1018 


2 


258 


6.544 


66L64 


.052129 


83.68 


202 


1064 


299.80 


8127 


1418 


1772 


808 


8 


229 


5.827 


62441 


.041&% 


26.67 


169 


888 


237 40 


2480 


1124 


1405 


687 


4 


204 


5.190 


41616 


.082784 


21.16 


126 


665 


188.80 


1967 


802 


1114 


505 


5 


182 


4.621 


88124 


.025998 


16.77 


100 


529 


149.30 


1569 


707 


888 


400 


6 


162 


4.115 


26244 


.020617 


18.80 


79 


419 


118.40 


1287 


661 


700 


817 
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No. hard drawn trolley wire is the size asually nsed for overhead work. 
The sizes of No. 00 and No. 000 may find favor in high speed work for the pur- 
pose of conductors only, but the heavier the trolley wire, the less it yields to 
the trolley pole springs and the higher will be the rolling contact resistance be- 
tween the trolley wire and the wheel. An'i ron flanged wheel will cut the tioUey 
wire badly, and everything in construction should be done to throw the wear on 
the trolley wheels. The ordinary wear on trolley wire is .001 In. for 65,000 cars, 
and the natural wear from the trolley wheel would give it a life of about twenty 
years. The wear is greater on curves and switches than on straight line. 

It is bad practice to make a splice in trolley wire by means of a sleeve or coup- 
ling close to a fixture. It will be noticed that the trolley wheel in passing a splice 




SymmetricaK 




Elliptical. 




Fi jure 8, 
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is slightly thrown from the wire, and if it again strikes the fixture, it will be 
thrown from the wire considerably, causing arcing at the point where the trolley 
wire is connected to the fixture. The method of connecting the trolley wires to 
the ear may be by clamping the ear over the trolley wire, which is soldered to the 
ear body. The span wires which transmit the strain from the trolley wire to the 
pole line, should be placed at such intervals that there will not be any consider- 
able displacement of the span wire fixture between the opposite trolley poles. 
There should be no side strains in case of side-arm construction. 



CONNECTION OF GBOUND RETURN FEEDERS. 

For connecting the ground return feeder to the rails Fig. 258 shows a method 
where the bond is concealed or not available for attaching a feeder to it. A cast- 
iron lug is nsed having the shape shown in 1 , A and B. This has a recess cast on its 
inside surface, a hole diagonal to this recess is drilled just the size of the in- 
sulated feeder. The direct connection between the web of the rail and the 
feeder is effected by inserting the feeder through the diagonal hole and 
flaring the stranded wire in this recess. The area opposite this recess on 
the web of the rail and the flaring end of the cable are both amalgajnated. 
A «mall hole is drilled in the top of the big entering this recess. After 
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the cable has been inserted and sealed in the lug by means of asphalt 
paint, and the surface of oontact of the lug and rail have been painted 
with asphalt paint and drawn up tight by means of the two bolts shown, 
amalgam can be introduced in the recess through this plug hole until the 
recess is completely filled. In this way an excellent connection can be 
made between the web of the rail and the feeder. Care must be taken to 
have the recess tight, by sealing with asphalt paint or varnish. 

Where the bond is exposed, have two supplementary feeders running 
t>oth ways from the feeder tap, as shown in 2, Fig. 258 to cover at least five 
bonds each way. The bond wire and supplementary feeder should be 
spliced together by fine wire and soldered. The practice of pouring solder 
on the joint does not lead to the best results; it is best to use a blow 
pipe for this work, and to be sure a good solid connection is made. The 
feeder should be tied between the supplementaries, by a special joint, at least 
1 ft. long as shown; 

Where a return feeder passes up a wooden pole, it is usually carried 
inside an iron pipe from at least 10 ft. above the sidewalk to a point ad- 
jacent to its connection with its underground supplementary. This pipe 
must 'be sealed, so that no water can enter from above along the side of 
the feeder. Two methods are employed for doing this— concreting at this 
point, and tamping oakum around the feeder and sealing with asphalt. 
A 1%-in. pipe is used for feeders up to 500,000 circ. mils. The pipe can 
be readily bent by packing full of sand and heating. 

Where it is intended to carry the return feeders inside iron poles, pro- 
vision should (be made for this arrangement when setting the poles. A 
hole is drilled and tapped in the side of the pole, about 2 ft. below the side- 
walk line, of a size to receive a l^in pipe. This pipe is carried to the 
rails at the point of connection of the feeder witih the supplementary. A 
fish wire can then be run from the opening of the lateral pipe to and up 
the pole. ^Sometimes it is necessary to run another fish wire down in 
order to catch the fish wire through the branch pipe. If the feeder at the 
top of the pole is connected to the fish wire with a tapering splice, taped 
with strip lead and slushed with grease, very little* trouble will (be found 
in pulling this cable down the pole and out of the side branch. 8 igid 4 
show these methods of construction. 

The return circuit is often grounded by "ground plates" at the station 
and along the track to assist the track bonding. The improvement of con- 
ductivity by such methods is only temporary. The arean these plates pre- 
sent for the ground return are insignificant compared with the areas of 
rails in contact with the earth, as one mile of 9-in. double track presents 
30,000 sq. ft. of oontact surface. If ground plates are to be used, they 
should be of sheet iron % in. thick and 4 ft. x 4 ft. and buried so deep 
that they are surrounded by water. If a stratum of rock is found, it is 
useless to put the ground plate in at all. In case water is struck, about 
4 ins. of broken coke should first be tamped down. On this lay the 
ground plate, which should Ise provided with a number of bond con- 
nections to the ground return feeder. These connections should be well 
protected by 'being painted and taped, especially at the point of connec* 
tion with the 'iron plate. Above this should be tamped at least 4 ins. 
more of broken coke, after which the earth thrown in on. top and lightly 
tamped. This construction is shown in 5, Fig. 258. 

Qround plates deteriorate vejy rapidly with use, and a plate of th« 
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size given could not carry more than 25 amps, and remain useful for any 
length of time. 

Fig. 250 8ho>w8 a method of making connection to a water pipe. A cast 
iron saddle, shown at A, is used, having a recess entering at an angle cast 
in its contact surface with the pipe. Into this recess is bored a hole which takes 
the feeder and is a close fit, and into this recess, above where feeders enter, there 
is a tapped hole for a ^in. bolt. The saddle is secured to the surface of the pipe 
and the surfaces of contact are fitted fairly closely. The surface of the water 
pipe, which will be covered by the recess in the saddle, is amalgamated. The sur- 
face of contact between the saddle and pipe is painted with asphalt varnish. This 
saddle is held in position by a strap and nuts. The feeder end is first 
amalgamated and thrust through the side hole entering into the recess; 
then the feeder is well painted or calked with Jute around the hole which 
it enters. This recess is now filled with amalgam by means of the hole 
over the cable shown at 7 forced against the pipe by screwing down on a 
9i-in. bolt, screwed through the tapped hole and against the feeder. 

Ground returns have been made by connecting together old rails. The 
apparently low first cost has been urged in favor of this method of form- 
ing ground returns. The method of connecting the rails together to make 
a continuous conductor has usually been by means of bonds such as used 
in track construction. 8 shows a method for making the connections with- 
out the use of bonds; the rails are lapped and a tinned bonding block of iron, 
cast to fit the shape of the rails, inserted between them. The contact sur- 
faces on the rails should be well cleaned and %-in. bolts used to draw these 
surfaces together. 'When these rails are buried, the precaution should be 
taken to have their bearing surface at the center of the rail. This keeps 
the rail connections always under compression, due to the weight of rail 
and the earth covering. 

Copper ground return conductors require insulating and will be rapidly 
eaten away if buried directly in the ground, even if supplied with weather- 
proof covering. Lead or rubber covered cables are too expensive for this 
slight difference of potential. These cables can be drawn into a conduit, 
like that shown at 9 or laid in a grooved moulding, as shown at 10. In these 
methods of laying, th« duct should be sealed with asphalt at all joints 
and elbows. The grooved moulding is sometimes filled with asphalt and, 
where a large groove is used, the cable can be supported from the bottom 
by cleats and the groove filled with concrete imbedding the cable. Cap- 
ing should not be put on until concrete is thoroughly set 

Where these underground feeders enter the station there should be 
means for determining whether they ere carrying any current or not; to 
insert an ampere meter in each feeder is too expensive, but if each feeder 
is run through a copper rod about 45 ins, long (see 11), of such a di- 
ameter as to be ample for the largest ground retam feeder, and each 
rod provided with two "binding screws located exactly 40 ins. apart on all 
these rods, these rods can ibe used as shunts. The current on any feeder 
can be read when the terminals of the ampere meter are connected to any 
feeder shunt, the meter being previously calibrated to this sise shunt. 

Headings taken at regular periods of a week or so will furnish com- 
parative records, and will show exactly what current is being carried on 
the underground 'feeders. Where simultaneous, continuous records are 
required, thermometers can be placed directly in contact with the shunt 
and taped in place; they should be located near the middle of the shunt 
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»nd fine wire stretched across the shunts and against the stem of the 
Ihermometers as shown at 12. The heights of the mercury in the ther- 
mometers are then adjusted to this wire, when the temperature of shunts 
are the same as the air. When current passes, the rise of the mercury 
will be as the square of the current flowing, giving a simultaneous visual 
comparative record of the current returned by each feeder. 

The current taken by any ground letam feeder, where the contact is rivet 
bonded, should not exceed 80 amps, per sq.in. of contact surface. With expanded 
bond this may be increased to 46 amps, per sq. in. and amalgam surface 66 amps. 
per sq. In. of amalgam contact 

CABLE CONDUITS. 

Where railway feeders have to be carried underground it is necessary to lay a 
multiple duct with man-holes alonn^ the streets through which the railway 
passes. The materia] used for these ducts was originally wood, sirhich was 
treated with dead coal tar and asphalt compounds to make it impervious to 
moisture. One method was to use grooved plankino^, ^wo halves of which formed 
the duct, and a number of these were built up together to form a rectangular 
dnctway with holes from 8 ins. to 3^ ins. in diameter. This dnctway was made 
impervious by the application of asphaltum compound. The other method was 
the pump log construction, where a rectangular beam 4 ins. to 5 ins. square was 
used, through the center of which a 8 to 8^ in. hole was bored. These logs were 
provided with a turned end which projected into a recess turned into the adjacent 
section for alignment and were driven together, nailed and served with a moist- 
ure resisting compound, and sometimes laid on, as well as covered with, concrete. 
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FlOS. 295-A-B-O-D.— rOBMS OI- CONDUIT. 

A cement duct was also largely used for this purpose, and was made by 
covering a thin sheet iron pipe with cement to a depth of about ^ in. These 
were laid together, the ends being provided with cast-iron nozzles. The cement 
conduits were laid up in concrete forming a solid mass. A section of these 
cement ducts as laid is shown in Fig. 259a. Fig. 259d shows a wrought-iron pipe 
laid in cement and concrete. This form of duct has great flexibility and is often 
used where a number of obstructions are to be avoided. 

The Camp terra cotta duct is shown in Fig. 259c. It is made of sections of 
vitrified terra cotta laid together in cement mortar and surrounded with concrete, 
the joints being staggered so as to increase the strength of the whole structure. 

HcRoy ducts. Fig. 269b, are molded in one piece, the alignment being ob- 
. tained by the use of dowel pins inserted in the holes of abutting surfaces of th 
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dacts. These dacts vary from 8 ft. 6 ins. to 18 ins. from the top of the cement 
over the condnit to the street surface depending upon the frost conditions and 
other obstractions and the facility for drainage. 

\ Foandations, Etc.— The foundations on which any condnit system is laid 
should be at least 8 ins. to 6 ins. of concrete well tamped down on firm ground, 
on which flat surface should be laid the duct, and on each side of them tamped 
concrete in order to make the duct structure a continuous whole. Old condnit 
work shows the importance of a good foundation, as it will crack and fall out 
of alignment unless great care is taken in providing with a proper bed. 
The mortar used in concrete bedding and filling is generally 1 part cement to 8 
parts clean sharp sand. It is generally included in specifications that all trenches 
shall be sheeted and braced, and such bridges and crossings as may be required 
shall be kept In place, so as to interfere with traffic as little as possible. In refill- 
ing trenches only the best part of the material excavated should be used; this 
must be thoroughly tamped and rammed, rolled or fiushed as may seem necessary 
in order that the pavement on top of the conduit does not settle after completion. 
It is the general practice so to lay the ducts as to make the conduit as 
nearly square as possible, and the alignment of the ducts is tested by drawing a 
2^1 in. mandrel at least 18 ins. long from man-hole to man-hole. This test is 
generally required before the acceptance of the work. The layers of ducts should 
be separated with concretti in order to obtain a diameter of 6 ins. between centers 
of any two ducts, but this varies with the character of conductor to be drawn in. 
It is also required of the contractor to leave iron wires extending from man-hole 
to man-hole in each duct sufiiciently long to be turned down to prevent slipping 
back into the duct. 

Terra cotta or earthenware pipes should be impervious to moisture, and can 
be tested by being plugged at one end and filled with water, or the condnit can 
be broken and tested for vitrification by the method given for porcelain on 
pages 87 and 88. 

Man-Holes vary in number from 20 to 25 per mile, and are regulated by the 
size of the cables, the size of the ducts, and the strains to which the cable can be 
submitted for drawing through. The glazed ducts allow t>f drawing longer dis- 
tances with less tension on the cable than the wooden or iron ducts. The con- 
struction of a standard foim of man -hole is shown in Fig. 880b These are laid in 
hard burnt sewer brick in mortor cement, and the brick should be thoroughly wet 
before being laid. Where the man-hole is subjected to surface moisture or placed in 
oft ground it is usual to grout heavily on the outside of the brickwork to prevent 
tie seepage of moisture through the walls. The ducts entering the man-holes can 
be staggered and in some cases bricks are left projecting into the man-hole for 
the purpose of sustaining the cables in passing around a man-hole. The floor 
should be laid at least 1 in. deep in cement, 1 pai-t sand to 1 part cement, in order 
to avoid moisture creeping into the man-hole. The man>hole has a bed from 
6 ins. to 8 ins. deep of concrete, made of 1 part cement to 8 parts sand and 5 parts 
broken stone passing tlirough a 1^-in. ring. The iron work can be ordinary 
I-beams laid as shown in the cut, and the dimensions of the man-hole can be 
varied according to the number of cables entering. Where the ducts slope 
toward the man-hole it should be trapped to the sewer, the trap being introduced 
underneath. In this case the floor should be sloped slightly so that drainage 
runs into the sewer. Gases accumulate in city streets in these man-holes and 
ductways where not filled with wire, and explosions have occured from this 
oause. To avoid accidents of this kind several methods have been used, the ■im' 
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plest one being to ran standpipes np from the m&n-hole to the curb; and in some 
cases the tnbalar iron poles for the span wires have been used for ventilating the 
dncts, being provided on top with a ventilating cap. 
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Where the feeding to the trolley wire is between man-holes the top dnct is 
eelected and connection made from the cable through tap wire in a pipe curved 
to a 3-f t. radius which enters the bottom of the iron trolley pole or is secured to 
the outside of a wooden one. It is less expensive, if possible, to tap from the 
man-hole and here the drawing in and out of the tap can be readily accomplished 
without opening the street to connect the cable to the span wire. Fig. 259f shows 
the method largely in vogue for this purpose, the one shown being that used by 
the Union Traction Company, of PhiIadeU>hia. Here the cable is ended in a 
conical brass terminal which enters the lug connected to the feeding wire. 

Where gas has accumulated in the duct special ventilating methods of forced 
air are employed to either clear the man- holes of gas or maintain the pressure at 
about 6 oz., so as to prevent the Introduction of gas into the man-holes and ducts. 




FlG.250]'.— XETHOD OF OONNEOTIKO UNDBBOBOUITD CABLE TO OYEBHBAD LOni 
0ON8TBU0TION. 



Blow^ methods have been used by which the man-holes have been exhausted of 
the gas accumulating. The special points to be guarded are the top of the man- 
holes where the cover rests on the concrete and where the ducts enter the man- 
hole. Backing carefully with concrete or mortar leads to better air in the 
man-holes. 

The Cond actors.— The cables used for railway work are made of stranded 
wire, so the cable can be bent to a radius of 8 ft. with no fracture of the lead 
covering. Where rough or imperfect ducts are to be drawn through, the cable 
is sometimes covered with a braiding of jute, and where the tension seqnired ia 
great the cable is slicked with tallow. 

The usual method of pulling in rope for drawing the cable is by roddioflf 
which consists of using a number of rods having screw connections, each long 
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enough to go into the man-hole and enter the duct. The first rod is passed in 
and screwed to the next and so on until a continuons rod has been shored through 
to the other end. The rope is attached to the last rod and the rods are then taken 
out at the distant man-hole drawing the rope through the duct. 

The thickness of the insulation is stated in 64th8 of an inch and should be 
such a material as to be capable at all times to stand a current den<)ity on the 
conductor of not less than 1 amp. for 1000 circ. mils, and at a pressure at least 
twice that specified as the working pressure of the cable. Where paper is used 
as the di-electric or insulator it should be pure maniia fibre spirally wound in 
overlapping strips and treated with such compounds as shall not in any way 
deteriorate its insulating qualities. If the insulator is rubber all the conductors 
should be thoroughly tinned and the rubber compound contain not less than 86 
per cent pure para rubber. 

The sheathing should be composed of pure desilverized lead with such alloy 
of tin as may be considered proper, and should be of sufiicient thickness to with- 

MAXIMUM CARRYING CAPACITY OF UNDERGROUND 
CONDUCTORS. 

SIZE or CONDUCTOR. ICAX. SAFE CABRTINO CAPACrTT. 

B. & S. Qage. Amperes. 

1 129 

. J51 

00 175 

000 ai8 

0000 »47 

Circular Mils. 

260,000 280 

800,000 820 

850,000- 857 

400,000 894 

460,000 429 

500,000 468 

660,000 497 

600,000 580 

660,000 562 

700,000 698 

760,000 €34 

800,000 664 

860,000 688 

900.00O 712 

960,000 741 

1,000,000 TOO 
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stand mechanical injury. It is ttsaal to allow 3 per cent, tin to imiyroTe the 
lead^e resisting qaalities against the gas and moisture to which it is snbmitted 
in the dacts. The conductor should be of soft-drawn copper with a conductivity 
ol not less than 96 per cent, that of pure copper; each strand shall be such that 
the sum of the areas of their cross-sections when all strands are laid out straight 
and cut at right angles to their axis is equal to the total circular mils of the cables 
specified. 

The table on page 847 gives the approximate current densities usually allowed 
in subways. The insulation resistance in megohms per mile ranges between 
90O m^;ohms and 260 megohms for a voltage ranging from 800 to 1000. 

BONDS AND BONDING. 

The usefulness of the best bond can be destroyed by not properly applying it. 
It should never be connected to the rail in wet weather, or where the surfaces 
are moist. The hole should be freshly reamed before inserting the bond. A 
apecial reamer should be used where the bond has a face connection with a mill 
for the contact surface. The bond before expanding or riveting or forcing should 
just fit the hole, so no moisture can enter adjacent to the contact. If moisture 
is present it will gradually work around and corrode the contact surfaces. 
The channel pin bond gives good results for this reason as the surfaces of contact 
can be forced into such intimate contact that corrosion cannot work its way be- 
tween the surfaces. 

Fig. S60 shows the West End bond consisting of a taper thimble which slips 
over the bond wire and secures connection between the bond and rail. 

Fig. 961 shows the Johnston bond, which has a thimble that screws on to the 
bond wire and is clamped to the rail by a nut. 

Fig. 263 shows the Bryan bond, which clamps the bond wire by means of a 
heavy bolt to a contact piece which is forced against the rail by the same bolt. 

Fig. 963 shows the Columbia bond, having a thimble which fits the rail tapered 
to receive a taper bond, which is forced into contact by upsetting the end of the 
bond. 

Fig. 964 shows the Ohio Brass Go's, bond which lias a taper split thimble 
forced between the rail contact and the bond. , 

Fig. 965 shows the American Solid bond, which makes the connection between 
the rail and a straight bond wire by a taper thimble expanding a concentric bush- 
ing and contracting on the bond. 

Fig. 266 shows the American Flexible bond, which secures contact to the rail 
by a concentric sleeve, in which the bond terminal is expanded. 

Fig. 967 shows the Forest City bond, which rivets a large contact surface to 
the side of the rail by upsetting the end of the bond projecting through the raiL 

Fig. 968 shows the Harrington Bali bond, which expands a tubular bond term- 
inal against the rail by forcing graded sizes of balls through the hole in the bond 
terminaL 

Fig. 909 shows the Harrington Diagonal bond, which forces a taper cup, into 
which the bond wires are brazed, into a hole drilled between the web and base of 
ndl. 

Fig. 970 shows the Chicago or Crown bond, which forces the bond terminal 
•gainst the sides of the bond hole by driving in a taper pin. 

Fig. 971 shows the same method of connection but here the bond is sufficiently 
thin to allow of the fishplate being placed without strlldng the bond connection. 
It !« called the Crown Protected bond. 
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Fig. 268. — ^habbinoton ball bond. Fig. 269. — habbikgtoit diack>hajl Boin>. 
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Fie. 271.— OBOWN fbotxotbi> boitd. 



Fig. 270.— ohioago ob obown bono. 



Fig. 278.— 8TBBN * silybbicah bohd. 




Fie. 274.— BBOWN plastio bohd. Fig. 27S.^bbown bohd vor old baiul 
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FiR. 272 8how8 the Granten bond, which coiusbBtB of a riveted tenninal into 
which the bond wires are soldered. 

Fig. 278 shows the Stem & Silverman bond, where a hollow nipple is drilled 
into the hole in the rail for bonding, and a nat is forced npon a tapering thread 
which locks the nipple and by compression makes contact with the bond wire. 

Fif:. 274 shows the Brown Plastic bond, which by a plastic alloy connects the 
fishplate around the rails it secures. 

Fig. 276 shows the same type of bond, where the fishplate is connected to the 
base of the rail. It is nsed on rails already laid. 

Fig. 276 shows the Payne Welded bond, which can be placed under the fish* 
plate and directly welded to the rail on each side of the Joint 



o o 
Fie. 876.--PATm weldbd boxd. Fig. 877.— atkinbox boho. 

FlO. 278.--STRAOUSE BOND. FlO. 279.~AJAX BOND. 

Fig. 277 shows the Atkinson bond, which Is expanded into contact with the 
rail hole by pressure. 

Fig. 278 shows the Syracuse bond, which is soldered in contact with the rail 
ysj use of the proper soldering solution and a special torch to produce the required 
temperature. 

Fig. 270 shows the Ajaz bond, which consists of a copper strip placed under- 
neath the fishplate and forced against the rail by screws. The fishplate, the rail 
web and copper are amalgamated before being put in place. 

The table on page 809 gives the results of a series of tests on different rail 
bonds. Tests by the same engineer, W. B. Harrington, give the cast weld joint, 
made by Wm. Wharton, Jr. A Co., as SO per cent of the conductivity of the solid 
rail. P. Dawson's tests show the resistance of the Falk cast joints to be from 74 
per cent to 108 per cent of the conductivity of the same length of continuous rail. 

Pressure plays a larger part in the conductivity of a contact than area. In 
connecting copper to iron there will be present a resistance at the contact sur- 
faces, even if these surfaces are molecularly combined. The Peltier and thermo- 
electric effects applied to this connection are confused, generally speaking, with 
the resistance offered to the current of electricity when passing between two con- 
ductors of dissimilar molecular characteristics. The aggregate of these effects 
Is practically negligible for the reason that when a current passes from the iron 
to the copper, the effect will be neutralized by the passage of the current out of 
the bond again to the iron. Neither the Peltier nor thermo-electric effect are 
rectilinear functions of the current density on contact surfaces, yet all bond 
tests exhibit a rectilinear relation between the density of contact and resistance. 
These effects are, theiefore, practically negligible. 

It is a question whether drilling a bond hole with oil increases or decreases the 
resistance, the results of tests showing too great a variation to decide. Amalga- 
mating the end of the bond before riveting or expanding improves the contact resist- 
ance, but no brass terminal should be thus treated. To tin a bond where exposed 
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TBSTS ON VARIOUS BAII« BONDS. 

W. B. Habrinqton. 
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Solid rail 24" 
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to the earth increases its life. A supplementary bond wire is inadequate to assist 
the carrying capacity of the rail. The same cost in copper and labor at the joint 
will give a great deal better results. The size of bonds on a railway should be 
decreased as the current flow decreases. A No. 00 bond should not be required to 
cany over 120 amps, or a No. 0000 bond, 200 amps., if the contact density at 
actnal contact surfaces is not over 140 amps, per sq. in. The only way to educate 
trackmen to make proper electrical connections is to test after them by some 
of the methods shown on pages 89, 40 and 41, or by use of the Conant bond test* 
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ing method. The best way to attain good bond connection in constrnctlon work 
especially with bonds under the fishplate, is to pay for the work done by a merit 
system, based on the conductivity of the work; all bonds below a fixed standard to 
be replaced free of charge. 

The mechanically connected bonds of to-day do not difFer greatly in the method 
of connection to the rail. The head of the bond is provided with a shank which is 
fitted into a hole in the rail. 

In applying such bonds t c contact surfaces should be thoroughly cleaned and 
the shank pressed into place with a pressure of at least 80 tons, so as to assure a 
good contact. 

The main point of difference between the various bonds lies in the method of 
fastening the fiezible part to the head. 

Fig. 279a, shows the results of tests made on twenty 4/0 bonds. The resistance 
of the individual bonds varied considerably, which however was not due to poor 
contacts nor carelessness. The bonds used in tests shown in table 1, had the flexi- 
ble part cast into the head while the ones used in tests shown in table 2, had the 
flexible part welded into the head. 

There are certain p'aces in a track where bonds cannot be depended upon, such 
as at crossings with railroads, bridges, and at inte secting points where special 
work is employed, except where such work is welded. Such points should be 
treated as an open circuit portion of the track, and should be bridged over by 
Jumpers which should have current capacity, equal to that of the outgoing over- 
head feeder i posing this point. There should be several connections with ench 
rail, one for each 150 amperes to be carried. The connections can be made by 
cutting a flexible bond in two and fastening the end of the bond into the wcb of 
the rail, and soldering the jumper to the flexible portion of tliis bond. The jumper 
should be carried back of the derailer switch as these are generally not bonded. 
Bridges which are not of masonary, and do not form a roadway as solid as the 
highway, should be jumped in the same way. Where the block signal system is 
interfered with by the current in the rails, insulating joints can be inserted in the 
track adjacent to the special work at the crossing. 

No bond can hold where the deflection of the joint under load is greater than 
% in. This must be looked out for on poor road beds. Such deflection breaks the 
stranding and causes a rapid depreciation in the bonding, and a corresponding 
increase in the return drop. Tests made by the author on a poor road-bed, showed 
that after six months of service, twenty per cent of the bonds had become 
defective. 

The cast weld joints vary considerably in resistance among themselves, being 
effected largely by the temperature of the metal when the joint is poured. Their 
resistance is equivalent to from 14 in. to 4 ft. of rail. This is particularly 
true of the welds made before 1900. The more recent welds, show a characteristic 
yariation. 

The electric weld shows a great uniformity of resistance, and the renstanoe of 
this weld Is nearly exactly the same as that of a 70 lb. rail the length of the splice 
burt. 

The thermit weld shows a low resistance, being equivalent to from 8 in. to 
27 in. of adjacent rails, and the recent joints show lower resistance and greater 
aniformity than the cast weld. 



ELECTRIC RAILWAY HAND BOOK. 353 ' 




.Points alQiig tb^e Bond 
Sto. 879-A 



354 ELECTRIC RAILWAY HAND BOOK, 



The soldering of a bond jto a rail requires oarafal manipulation in order that it 
will adhere in cold weather and the results in practice vary considerably, dei)end- 
ins; both on the composition of the solder and the temperature of the rail when the 
solder was applied. The eqiivalent resistance of this bond for a 4/0 varies from 
that of 3 ft. to 6^ ft. of 70 lb. rail. The ease with which such joints can be 
repaired and inspected had led, in the past, to their extensive use. 

1 he brazed bond has greater mechanical strength and lower electrical resist- 
ance at the contact with the rail. Their equivalent resistance varies from that of 
2.1 ft. to 8.4 ft. of 70 lb. rail, for a 4/0 bond. They are not affected by low tempera- 
ture and can be applied electrically with better success than the soldered bond. 



CONDUIT ROADST 

The construction for a subsurface trolley road presents the following engi- 
neering problems: the insulating of two conductors within 6 ins of each other, 
. the insulation to be subjected to moisture, and the proper drainage of the conduit. 
The Metropolitan Street Railway system in New York may be taken as standard 
and a description of its construction follows : The yokes are each 4S5 lbs. in weight, 
and are illustrated in Fig. 279c, which shows the complete cross-section of a 
double track road. The yokes are spaced 5 ft. apart. The excavation is made 
through the street, 18 ft. 9 ins. wide and 80^ ins. deep for the conduit and 15 ins. 
between tracks. The track and slot rails of the conduit are then laid on the 
yokes, and tie rods then inserted and the whole structure blocked up surfaced 
and lined. The concrete is made of 7 parts 9^-in. broken stone, 4 parts sand 
sjQd 1 part Portland cement, and placed under and around the conduit open- 
ing. An iron hand-hole cover is located above each insulator, which are 
15 ft. apart. The man-holes average about 160 ft. apart and their entrance is 
generally between the tracks. At these points the conduits drain into the 
sewers. 

The bottom of the conduit is pitched at a mhiimum of 2 ins. to the 100 ft. 
incase of a level track to give drainage. Fig. 279d shows the construction 
of an insulator, and the method of fastening the T-iron conductor to it, against 
which the contact shoe rubs and from which the current is collected for the 
operation of the car. Fig. 279b shows the method of construction of the contact 
shoe or plow and Fig. 279s shows how it is supported by two aqgle irons under- 
neath the truck. 



THIRD-RAIL SYSTEMS. 

For third-rail work the ordinary section of rail is usually used. The Man- 
hattan Elevated Railway Company has used soft iron rail to improve the con- 
ductivity. The insulation of the third-ridl, where it is the positive side of the 
circuit, has be "n found by Boynton to be such that when insulated on blocks 
1^ ins. tnlck ai ^ched to ties not creosoted but dipped in insulating compound, 
no leakage was noticeable. In another test on one-half mile of track one- 
half ampere leakage occurred when dry and one and one-quarter ampere 
when wet. 
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Flfl. 279b.— CONSTRUCTION OF PLOW FOB TTKDBBOBOUND CONDUIT. 
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It was found both in condait rails and exposed rails that the positive rail 
retains its insnlation when current leaks over the surfaces, whereas it is much 
harder to hold the insulation with the negative rail on account of the tendency 
of moisture to increase the negative leakage. 
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Fig. 279-e— mithod of attachiko plow to cab. 



On the third-rail the current is collected by a shoe on a projecting ami be- 
yond the car sliding over the rail and flexibly connected to the arm by two Jaced 
joints, but the electrical connection is made directly from the shoe to the car 
wiring circuit 

Both the third rail and the underground conduit rail have been saccei«ful|y 
operated when under water, especially where the water wa« pnre. Slush i^ tho 
most diiflcalt tlilnf to contend with in expoeed conductoni. 
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EI^CTKOI^YSIS. 

The decomposition of the iron of the rails or subterranean piping systema 
dae to the flow of current from the metallic surfaces into the adjacent moist soil 
is known in street railway work as electrolysis. The constituents of the soil may 
cause corrosion, due to the chemical affinity between soluble matters in the soil 
and iron, forming an iron rust of several molecular combinations of oxygen and 
iron. This action may be accentuated by the flow of current from the iron sur- 
faces into the surrounding moisture; but the results of this action are not distin- 
guiflhable by any visual or microscopical examination over that caused by natural 
oxidation of these buried structures. Soils hig^ in chlorides will carry this rust 
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Pig. 280 — gbxsbal distribution of citbbbnt. 



through adjacent soil. There is, however, a chemical test that can be made im- 
mediately after uncovering a badly oxidized pipe, which will in some cases 
determine whether the cause of depreciation was due to natural oxidation or 
electrolysis from escaping currents. 

In undertaking to determine whether subterranean metallic stmctores are 
afl!ected by the rail return current, it is necessary to And the current flow in this 
structure, and not to base the deductions on potential measurements between the 
subterranean structures and the rail. Tests given on pages 48, 44 and 45 give data 
from which the current flow can be determined, and by carefully tracing this 
current flow along the pipe system its entrance and exit from the pipes can be 
determined. It has been found m some railways that the current Is cairied 
directly into the water pipe system by a portion of the subterranean metallic 
•tmctore being l^rought into actuai contact witb the raUB, Such connections 
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should be remoyed before considering any of the methods for testing. The rela- 
tions of the water-pipe system to the railway system in rel^ard to the pumping 
station and main arteries of the water-pipe system and the location of the raili 
and powet station are most important features of the problem and should be 
carefully plotted out. as well as the current flow in the pipe system laid out by 
means of ordinates on different parts of the piping system, the ordinates corre- 
sponding in length to the current intensity in the piping system. From this 
data can be ascertained at what point of the piping system the leakage current 
can be drained away so as to produce the least flow in the piping system, and to 
reduce the electrolysis of the rails and pipes to the least possible value. 

The custom of connecting the pipe system at the station directly to the nega- 
tive bus-bar rarely leads ■ to satisfactory results. There will be points in the 
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piping system where the flow of current is maximum, and there is a varying 
tendency for the current to flow to and from the rails and pipes. If the piping 
system is tapped at this point and current led away from the railway system and 
earth resistance interposed between the rails and piping system, this flow will 
not be found to be large. It should not exceed 8 per cent of the total rail return 
in any one section. 

Fig. 280 shows the general distribution of current between the railway system 
and the subterranean piping system, and Fig. 281 shows the distribution of poten- 
tial between these two systems. Between A and B^ Fig. 261, is shown the drop 
of potential along the rail; l^tween Cand />, the drop o f potential on the iT&tet^ 
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pipe. Fig. 282 showB the change in potential when a connection I0 made between 
the water-pipe and rail and gronnd return feeder. 

Tests on pages 44 to 46 will show whether the bond is fanlty. and deflecting 
the current into the water-pipe system. Other methods for more complicated 
systems have to be used for the reduction of this current flow in the water-pij^e 
systems. Connecting a separate set of feeders to the water pipe at their max! 
mum current flow points, and maintaining its potential at this point above the 
rail potential, by a separate booster, will tend to dam back the flow of cnrrent 
from the rails. This booster sometimes is compounded by the flow of the main 
circuit around its fields, so the difference of potential will automatically vary 
with the output required on the system. Where gate boxes are brought in 
actual contact with the rails, the iron vertical portion of the gate boxes should 
be substituted by wood or terra cotta pipe, and no metal portion of the water- 
pipe system should be allowed to come within S6 ins. of the rails, unless in* 
sulated. 

The problem of deducing the electrolytic effect on the water-pipe systems, 
where it is of any consequence, is very complicated, on account of the inter- 
relations between the two systems and the complex current distribution. It is 
always possible, however, to find simple means for reducing the current flow in 
the water pipes to a negligible quantity. 

Eleotrieal Beslstanoe of Earths* 

- Clay, 6 per cent moisture 50 ohms per cu. yd. 

Sand, ^percent moisture 85 " " " 

Loam saturated with salt water 80 " '' " 

Gravel and loam, ^ per cent moisture 87 " ** *' 

Dry Sand / 28,000 •• « " 

Cement, Portland .....'i 1,800 »• " " 

Asphalt, Barber paying 87,800 " »* *• 

Wooden ties, oak rail 8 in. from earth, damp. 8,600 ** ** sq. ft. rail contact 
Wooden ties, dry 18,700 " " " contact 

The resistance between a pipe surface and earth rises as the rust accumulates 
on the pipe. Different soils show considerable variation in these changes, do- 
pending upon the soluble constituents in the soil. Fig. 288 shows these varia- 
tions in a few cases with a current density of 20 amps, per sq. yd.: A^ soil from 
Broadway, New York City; B, soil from Brooklyn, N. Y.; C, soil from Paterson, 
N. J.; Dy soil from Peoria, III. Increasing the current density causes the 
resistance to rise and tends to cut down the current flow. 

Service pipes passing under the rails in the vicinity of the power station often 
show the effects of electrolysis, on account of the high current density which 
the adjacent rail surface focuses on these points. Insulated service pipes made 
for this purpose should be used iu these locations; but if iron pipes are used they 
should be enclosed in wooden troughs and surrounded by hot asphalt under the 
rails and for a distance extending ft. beyond the rails on both sides of the track. 
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MJBTHODOF DETBRMINING IVHETHISR XXBGTBOIiTSIS DOBS 
TAKE PI.ACI: ON UNDERGROUND METAIXIG SURFACES. 

As the nataral corroeion of pipe is identical in every respect with that corrosion 
caused by electrolysis it is important to make a physical test to determine whether 
this action is due to current flow from the pipe. It can be done in the following 
manner:— Have a split sheath, which approximately surrounds the pipe under test, 
cast from the same sort of iron as the pipe is made of in the case of cast iron pipes, 
and a wrought iron sheath, in the case of wrought iron pipes. Two sheaths are re- 
quired at each test point. They are carefully cleaned of all dirt and the two halves 
which go together are numbered and accurately weighed. The length of the sheath 
should be at least eight times the diameter of the pipe. One sheath is put around the 
pipe, after they have been carefully cleaned and amalgamated, both on the inside of 
the sheath and on the outside of the pipe which it covers, and an amalgam alloy pnt 
between them, so they will be in electrical contact when clamped around the pipe. 
The other sheath, after heing weighed, is placed around the pipe in the same vicin- 
ity but insulated from the pipe by sheet rubber wrapped around the pipe. The 
pipe with its two sheaths should then be covered up and filled in, in the r^^lar way, 
and left for a year, when it is opened up again, and the sheaths removed and cleaned 
by the application of crude oil, and scrubbed with a stiff scratch brush until all 
deposit is removed. They are then weighed again and the difference in weight 
between the connected sheath before and after exposure will give those losses in 
weight, due to both corrosion and electrolytic action; while the loss in the insulated 
sheath will be that due to corrosion only, and the difference between the loss on the 
connected sheath and that on the insulated sheath will be dne to electrolytic action. 
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SECTION VI.-CAR HOUSE. 



In order to desi^ the maximnm available storage capacity for a oerlafn aiet, 
ent out a plan of a car to a convenient scale allowinf^ the clearance space leqniied 
on the sides of the car. Where internal pillars are used for sopporting trasses, 
greater distance is required between tracks for clearance. The greatest dis- 
tance is generally fonnd with open cars with the rnnning boards down, where 
there shonld be at least 8 ins. between the rnnning board and pillar. A number 
of snrh templets covering the siMice and clearances required by the type of car 
to be housed can be arranged in various ways over a plan of the property on the 
same scale in order to determine the maximum storage capacity with the least 
special track work. 

The width of the property available will determine the economical length of 
span and support of roof. Wooden roof trusses are advised as decreasing the 
fire hazard, as the structural iron trusses collapse and prevent fighting the firis 
from outside. The distance between the car bouse front and the main track 
should be sufficient to make the entrance curves outside the car house of moder- 
ate radius. For layout of car house tracks, see Page 157. 

Transfer Tables.->For handling the cars within the car house, transfer 
tables are used for which there are several general methods of construction. In 
one a shallow transverse pit is constructed, wide enough to accomodate, with 18 ins. 
to spare on each side, the largest single or double truck equipment. The transfer 
table carries on it a track, upon which, when aligned with any fixed track, a car 
can be moved. The transfer table can then convey the car to any other desired 
track. Where the transfer table runs through the middle of the car house, it also 
forms a bridge to pass over the transfer pit. Another method is to have the 
transfer table roll on the surface on tracks at right angles to the main tracks. In 
this case, there are spring sloping tongues which are depressed to the head of the 
rail, and up which the car rises until it is on the transfer table. This method of 
construction makes the main track continuous, and the transfer table in this 
case is only used to transfer the cars at right angles to their length. In case of 
fire, the latter method has advantages as the cars can be taken out of the car 
house more expeditiously. 

The transfer table can be used in small car houses, and light cars moved by a 
geared hand winch ; or a street railway motor can be geared to the wheels of tha 
transfer truck. The current can be carried to this motor by a trolley wire over- 
head, or a protected third rail which is under the floor, a shoe being used for 
collecting the current for the motor on the transfer table. The mazimmn speed 
is ge^"ially 4^ miles per hour, and the motor geared accordingly. 

Overhead Construction.— The overhead trolley may be itmng up on tptn 
wires as in outdoor construction or under the beam, using a flztnre like that 
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ehown in Fig. 284. A light T-iron is also sometimes used, 
insniated from the roof work by blocks of hard wood 
dipped in insulating paint while the wood is warm. It is 
important in fixing the height of the trolley wire in ttie car 
house to have it so high that the trolley pole tension 
springs are not under considerable tension, for this 
weakens them, and makes the trolley liable to leave the 
wire in service, where the height of the wire in most cases 
is 22 ft. above the rail head. 




Pig. 284.— tbollbt 
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_ Doors.— The car house doors may be either of the 

INDOOB USE. swinging or sliding type. The swinging door is most gen- 

erally used. This door does not require a break in the 
trolley wire over the sill, if the door is swung both ways from the center. 
The doors should be well framed and at least 8 ins. thick with double diagonal 
panelling of yellow pine, and the fastening should be such as to force the door 
against its jam. Heavy doors should be locked open as well as closed. 

Floors.— Car house floors are usually of wood. Wooden block paving set 
On end has been used successfully. There should in any case be nn air space be- 
tween the floor in the car house and the earth, in order that the hot motors will 
not sweat badly on cooling over a moist floor. For this reason earth and cement 
floors, especially where the location of the car house does not afford excellent 
drainage, should not be used under the equipment where stored. The author has 
found two cases where high rates of motor depreciation were clearly traced to 
this cause. Where there is a low track with water standing over it, through 
which the equipment has to run, several companies place a line of steam pipe.be- 
tween the rails abov&the floor but clearing the motor, on which steam is kept in 
wet weather and the equipment thoroughly dried at night. Equipments having 
low insulation, can be baked in this way. 

General Heatlugr.— Where there are inspection pits it is customary to 
arrange steam piping around the sides of the pits for heating purposes. But for 
general heating, the indirect heating methods give the best results for a given 
weight of steam used. Here flues are carried to the different parts of the car 
house, and heated air distributed. Flues are also located between the tracks with 
registers so that this warm air can be blown up under the equipment. The air is 
heated by first passing through a bank of steam pii)es, when by means of a 
blower it is forced through the ducts of the distributing system. 

General lilgrhtlngr.— The lighting of the car house can be best effected by a 
^roup of incandescent lamps or enclosed arc lamps which are arranged along the 
aisles or passage ways. Light for the night inspector should be especially pro- 
vided, as without proi)er light his work is only half done, and as no other man 
can render such valuable assistance in the maintenance of the equipment, every 
convenience should be placed at his hand. In respect to the proi)er light to work 
by there have been several satisfactory methods used. One is to have a flexible 
cord with a 82 c.p. lamp on one end, and a plug at the other end, plug receptacles 
being placed around the building. A short cord can then reach from the recept- 
acle to the interior or underneath the car, four other lamps being banked together 
at some convenient location in series so that the trolley circuit can be used. The 
inspector's lamp should be connected on the ** ground ** end of the series. 

A bicycle lamp arranged with a handle to be carried in the hand also makes a 
good source of light. For day work windows for side light, and, where the car 
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house is wide, roof light should be provided. Where short roof spans are em- 
ployed, mill constraction with a saw tooth roof having glass on the perpendicular 




Bide as shown in Fig. 285 can be employed and givesabundantinteriorillumination. 
The front of the car house can be finished in any Bhai)e desired to bide the serrated 
roof. This method makes one of the cheapest forms of car hpuse structures, where 
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wood l8 employed. The result of dark car houses is dirty cars and greasy floors 
with scrap heaps at every available comer. 

OABE OF CABS. 

Washing.— Where this is done in the car honse, a track is generally desig- 
nated for the work; it should have a cement or asphalt floor pitched ^ in. to the 
foot BO as to be well drained. The car is first washed down with a stream of water 
from a hose. For cleansing the inside floors and seats and sweeping out, com- 
pressed air is used with success, as well as for blowing out the interior of the 
motor and controller. There is no better method to quickly cool a hot motor or 
boxes. 

liabrlcating Methods.— Grease is generally put into the journal boxes by 
means of a paddle, by which it is gouged out of a bucket and smeared into the box. 
The man who does this, if he is not unusually careful, soon has the floor smeared 

with grease, and this is the begin- 
ning of a dirty car house. It is then 
transferred to tools, workmen and 
trucks, and the efficiency of a work- 
man is decreased when he has to 
look like a coal heaver on account of 
the grease and dirt surrounding him. 
The best method is to use a 
bucket with a short 9l-in. spout 
soldered to the lower side and a 
tightly fitting plunger which when 
screwed down forces the grease out 
of the spout. This spout can be 
shoved into the journal box, a turn 
or two given to the screw and the 
proper amount of grease injected 
into the journal box or gear, causing 
a saving of waste and dirt. 

Sand.— This is generally sup- 
plied to the cars at the car house. 
For charging the sanding boxes dry 
sand only should used and a con- 
venient drying arrangement can be 
provided as follows : Over the boiler 
room a sealed loft can be built 
that is used to heat the house and repair shops. Fig. 286 shows the side elevation 
of the loft and boiler room. It will be seen that the iron stack from the boiler 
down stairs passes through this room, and around it is a wrought-iron funnel 
with a circular opening about 2 ins. wide aroand the stack at the bottom, and with 
a flare about 2 ft. wide at the top. The wet sand is introduced into this hopper by 
a motor-operated conveyor from the sand pile. The sand when dried by the heat 
of the stack spreads over the flue of the sand bin, and is perfectly dry by the time 
it reaches the spout whence it is delivered into the sand car. In this way the sand 
is dried practically automatically, and by heat that would otherwise be wasted. 




Fig. 286.— method of drtino sand. 



SECTION VII.-THE REPAIR SHOP. 



General Arrangements.— Tbere are seyeral methoda in the design of the 
repair shop by which the equipment can be readily dismantled. In some cases 
the tracks are elevated from 4 ft. to 6 ft. above the general floor level as they 
enter by being bnilt npon trestle work with bents about 10 ft. apart. Another 
method is to locate the repair shop on sloping ground so that the repair shop 
proper is at a lower level than the car house where the disabled cars are stored. 
Here the motor and trucks can be lowered to the working floor by some convenient 
hoisting arrangement. The usual method is to have a pit the width of the tracks 
or even wider by supporting the tracks by an occasional I-beam, and this pit is 
generally laid in brick or concrete and made water-tight. In order to handle the 
motor and take it from underneath the car several devices are used. One is to 
have a portable horse which can be placed inside the carbody and to which tackle 
can be rigged to lower the motor into the pit or onto the repair shop floor in the 
case of a two^tory construction. The more modern method is not to place any 
rigging work inside the carbody but to use a hydraulic jack mounted on a carriage. 
On the end of the plunger is arranged a cradle which will engage the motor and 
lower it below the truck parts; this carriage can be run either along a track or 
the floor and the motors in this way moved where desired. 

The tendency in larger repair shops is to raise the carbody off the truck. 
Fig. 287 shows a rig which will raise the whole carbody well above the truck, so 
the work can be carried on from above without the use of a pit. "f he otlier 
method is to jack the carbody off the truck by means of four jacks and two cross- 
beams; after being disconnected the truck is run from under the carbody and 
carried into the repair shop. 

In designing or improving methods of handling car parts in the repair shop, 
every effort should be made to reduce the time and facilitate the dismantling of a 
car, so as to remove any of the parts with the least delay possible. With the 
motor, wheels or any other portions of the equipment many arrangements have 
been used to carry these parts to the repair department. The sloping track 
from the pit to the floor of the room can be curved through several )>its. or all the 
pits can lead into one general area>way, so the truck can be hauled up the incline 
to the repairing floor. 

Another method is to have an overhead crane over the equipment, which can 
carry the parts to the repair shop. Where the overhead trolley is in the way, a 
long insulated flexible cable is used which can be hooked over the trolley wheel 
and used to bring in or take out the equipments; this gives clear overhead space 
for crane work. Another method largely used is an overhead track, made up of 
two I-beams which are supported by brackets, and on the lower flange between 
the I-beams rolls the carriage on which the equipment parts are transferred from 
one part of the shop to the other. Either a diffei^ntial tackle or air lifts attached 
^ an overhead carrier can be used for raising or Jowerlug the equipment parti. 
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The best method to adopt in any repair shop depends entirely upon the rela- 
tions of the machine and repair shop, and the character of the stmctnres in which 
this work is carried on. There is still another method for dismantling?, practiced ' 
by some companies which consists of bolstering np the car bociy and depressing 
the track, in this way separating the equipment from the body; then the truck 
is rolled along the tracking pit at right angles to the car body, and is again raised 
and carried away from the equipment. 

Iiathe8.~In small shops a screw-cutting lathe with centers high enough to 
clear the largest motor armature and long enough bed to take a car axle for 
turning is required. One such lathe for roads operating 80 cars, two for 60 cars, 
three for 160 cars, should take care of all commutator turning and axle work, 
even where repairs are heavy. Where an overhead track is used, it should pass 
over this lathe, so that the work for the lathe can be brought directly to it. It is 
found in railway repair shops that the heavier types of lathes are required for this 
work. A grinding attachment is very useful for bringing the bearings to correct 
dimensions and polishing. With the harder variety of sand stones, commu- 
tators could be ground down with less loss than turning. Never use emery 
wheels on commutators. Tools with individual motors show economy over 
shafting In machine shop work, and leave room overhead for the crane. 

In a small shop a double-gap lathe can be made a universal tool, which will 
take in the gaps the car wheels and the grinding arrangements fitted to true tb? 
wheels. The expense of one tool, where the repair work is light, is less than two 
lathes, one for axle and armature work, and one for wheel grinding. Where the 
wheel grinding lathe is used instead of the double-gap lathe for truing car 
wheels, this should, if possible, be placed away from the other machinery, as the 
dust and dirt arising from this machine Injure the bearings on all the other 
machinery. 

Drills.— An upright drill, with 14 ins. between the center of the bed and 
post, is a convenient size for the repair shop. Truck frames, structural work, 
special work and rails can be handled on this drill, as well as line material, con- 
trollers, brake rigging and station repairs. In small shops the electric-driven 
track drill, with flexible shaft, can be attached to an overhead structure and used 
in the shop for general drilling, when not required on track work. 

Planers and Profilers.— Where special work is made np, a planer is 
required with a d4 in. bed. 

UST OF MACHINERY AND TOOI«S BEQUIBED IN BEPAIB 
SHOP EQUIPMENT. 

MACHINE SHOP. 

Speed lathes, 6 ins 

Lathes, swing 14 ins. Double-gap swing, 

86 ins., screw-cutting 

Axle lathe 

Wheel grinding lathe 

Wheel boring machine 

Hydraulic press for wheels and armature. 

pinions 

Automatic hack saw 

Drill 24 ins. vertical 

Planer, 84 ins 

Shaper and slotter, 16 ins 

Profiler, 14 ins 

Automatic tool grinder 



80-car. 


— SIZB OF BOAP.- 

60-car. 


80O-car. 




1 


2 




2 




• •• 


1 






1 




... 








1 






1 






% 




... 


... 




• ». 








1 


] 




1 


s 



r 



370 



ELECTRIC RAILWAY HAN^D BOOK. 



AHMATUBE AND FIELD RBPAIBS. 

/ 8IZB OF BOAD ^-n 

80-car. 60-car. aOO-cai. 

Armature stands 4 tf 12 

Fieid wioding machines 18 8 

Baking ovens 1 1 S 

BLACKSMITH SHOP. 

Forges 2 4 6 

Drop liammera ... ... 1 

Shears, cut ^ in. X 6 ins ... 1 

Punches, hole 1 in. z ^ in... .^ ... 1 

WOOD WOBKINQ TOOLS. 

Planer's surface 1 1 \ 

SpUttingsaw 118 

Moulders Ill 

Joiners Ill 

Sandpaper machine 1 1 

Yerticai mortising machine 1 1 1 

Tenoning machine 1 1 

Boring machine 118 

Where there is much brass work done in the shop, such as overhead line 
material and equipment parts, the profiler certainly gives the greatest and most 
direct method of finishing these castings, and practically can do any work that 
a small milling machine can 

Other Tools. — The hydraulic press for pressing wheels on and off should 
also be provided with a device for pressing off the armature pinion nnd connnura- 
tor. The armature pinion is often started by a blow from a heavy hammer wliioh 
in many cases has bent the shaft. 

There is no small tool more needed in the repair shop than an automatic hack 
■aw which will save considerable labor. One large enough to take tlMi f^tandard 
rails should be secured. 

Arnoiatare Stands.— There are a number of methods of designing arma- 
ture stands, the most primitive being two horses in which there is a V cut on the 
top of the back, in which the armature is rotated. A deviation from \\\W ])lan is 
to make two A-shaped supports braced together, on the cross-bar of the A boinsr 
a platform for tools and coils. Instead of a phtin Y two rolls are often used for 
the shaft to rest in so that it can be readily turned around. The more modern 
method of making armature stands is to provide two pedestals secured to the 
floor, which can be elevated or lowered by means of screws and the armature 
rotated in a fork on the top of the pedestals. This allows the winder to get right 
over his armature. At his side is a stand for tools and coils. For winding bands 
on armatures a handle can.be clamped over the pinion or shaft, and the binding 
wire wound under tension. 

Field Winding.— This is often done in some shops on a lathe, speeded at 
low speed. If tiiis is a screw-cutting lathe with a capacity to give the proper 
turns per inch for the wire, by clamping the wire in a tension device secured in 
the tool post, the wire can be laid on automatically by the feed of the lathe, and 
at theendof the turns, with a little practice, the winder can soon reverse the 
feed so there will be no lap over. 

Where field winding machines are built especially for the purpose, a scsew 
working into a worm gear gives the best results as this locks against any slack, 
and an automatic arrangement can be attached to the wire feed, consisting of a 
right and left hand screw which are opposite the side of the field. These screws 
will rotate one turn for every turn of the field, and the threads per inch an equal 
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to the tarns per inch required on the field. The wire is held on the right hand 
screw in going forward and depressed on the left hand screw in going back. 

Bake Ovens.— Small bake ovens for armatures and fields can be made in 
the form of a box, into which the armature is slid or the fields hung. This box 
should have an iron bottom with a number of perforations, and be raised abcat 
C ins. from the floor. Underneath this perforated iron floor are arranged a series 
of five lamps, which are enclosed by a false box in the bottom of which are drilled 
a number of holes. This should clear the floor about 2 ins. On the top of the box 
there should be two rows of ^in. holes about 4 ins. apart, and a slot sliding over 
these holes. There are holes in the slide so placed that they will register with the 
holes on the box; and in this way suiBcient ventilation can be produced to take 
away the moisture or fumes which are driven from the armaturea or fields. In a 
number of cases where bake ovens have not given satisfaction It has been found 
that tbey did not have sufficient ventilation, the air in them becoming so charged 
that ii would take up no further moisture. The temperature of a bake oven 
sh«^ulvl not be canied over 180 degs. Fahr., especially if linseed oil is used as an 
insniutiiig medium. 

General Bemarks.— Where compressed air is used for cleaning the arma- 
tures, a pipe can be run to the blacksmith shop. If a small nozzle is introduced 
into the center of the supply pipe, a small jet of compressed air will induce a flow 
of air which can be easily regulated and controlled for the forge fires. 

The repair shop should be lighted and well ventilated, and where over 80 ft. 
wide, this should be done from the top as well as the sides. To paint the inside 
of the repair shop with cold water white paint gives a neat appearance, and 
increases greatly the interior illumination. The floors can be concrete or wood, 
and where pits are in the repair shop the floor space can be increased by putting 
sliding doors, with handles to slide on battens between the rails. These doors 
can be slid underneath the truck when only the truck is being worked on. The 
pit should be lighted by side lights which are covered with wire shields. The 
pits should be slightly sloped towards one end or the middle where a depression 
can be made in the cement for collecting any seepage or moisture, which may 
accumulate in the pit. 

It is best to have the pit floored with 2-in. hard pine flooring, laid over the 
concrete, which gives a better surface for rolling the trucks and handling the 
matcriaL The usual practice in locating machinery in a repair shop is to so 
place it, that the work passes from one part of the shop to the other in its repair, 
without passing the same point twice. 

It is great economy to have all tools belonging to the company marked, and 
have a tool-room and a workmen^ s check system, in order that the tools can be 
replaced, or, if miifilaid, the person responsible can be known. In small shops the 
foreman is generally tool-room keeper, and keeps the tools in order, and in many 
cases an automatic tool grinder is located in the tool-room. 

It expedites work for each repair man to have his own set of tools,'consisting 
of large and small wrenches, hammers, cold cliisels, pliers, calipers and rules, 
which are supplied him by the company and charged to his account, credit being 
given on their return. In repair shops, where the cost of repairs is large, it has 
almost invariably been found that a large amount of time is lost in looking for 
tools which can be left anywhere on the work-room floor. Poor or damaged 
tools do not lead to the best work and discourage the workmen. 

The numerous labor saving tools and wrinkles for the repair of the different 
parts of the equipment can be found in their proper place under " Equipment." 



^ 



SECTION VIII.-THE EQUIPMENT. 



THE CAR BODY. 

Modern practice in car body construction for heavy high speed work is Indi- 
cated by the speciflcations given below, which are abstracted from those nsed by 
the South Western Missouri Electric Railway, and are for a car body 80 ft. 6 ins. 
long, with smoking compartment. This type of car body has been selected for 
standard speciflcations as it covers all the details required in the most extensive 
systems. 

Whereas the stmctnraf woods, which have been selected in this specification, 
conform to the general nomenclature regarding the kinds of wood to be nsed, the 
specific species of wood is not often included in the car body specifications, except 
that for interior finish. The woods forming the modem structure of the car are 
specified in a general manner since a specific kind of wood is very often difilcolt 
to procure. Furthermore the luml)er market to-day does not furnish, in the prop- 
er quality and lengths, certain varieties of oak which some years ago were readily 
procured. The lengthening of the car body has made these long timbers, partic- 
ularly the sills, difficult to obtain, especially so when a particular species of oak 
is specified. The tendency for car body construction is to abandon tilbber for the 
longitudal beams on the car and to introduce angle iron around the sill, the whole 
length of the car, to produce the necessary stiength. This method also decreases 
the depth of the sill. 

The details are fully designated in the specifications, which form a guide to 
the general make up and dimensions of the parts entering into car-body construc- 
tion. 

The size of car bodies varies. The dimensions of a number of car bodies, which 
have been recently ordered, are given for reference in the table on page 8S4. 

Car Body Speoifloationa.— Gbnbbal Duonsions. 

Feet. Ins. 

Length of car body over comer posts 80 6 

u ii over vestibules 40 8 

" •* '* •' bumpers 41 2 

Width of car body at sill, over plates 8 8U 

" " ♦* " atbeltrails 8 nj 

" " ** ** over water drip rails 8 4^ 

Height of car body from under side of sills to top of roof, not includ- 
ing trolley board 

Height inside, from floor to top plate 6 8 

iT ti it top of floor to underside of upper deck ceiling. . . 8 2 
** from track to underside of sills when car body is mounteaon 

tmcks & 1 

Bottom Fbaiono.— Side sills of very best quality long leaf yellow pine, slse 
4^ ins. X 7^ ins. finished, reinforced on the outer sides with steel plates ; plates 
to be J^ in. thick, 7 ins. wide, extending full length of car body and around corners 
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to door posts on ends in one continnons piece and Becoiely bolted to Bills with 
wal head carriage bolts. 

End sills of oak, size 79i ins. x 4^ ins. finished. 

Cross sills of oak, size ^^ ins. z VH ins. finished. 

Dlafi^onal braces of oak, size 4 ins. z \% ins. finished. 

Trap door framing to be arranged to meet the requirements of the........ 

or, for two motors to each car, of type No and of hp. 

cch. 

Bottom framing to be also arranged to meet the requirements of the 

doable tmcks, with wheels 83 inq. in diameter, wheel base of tracks , dltt* 

ance between centres of track bearings , bolsters to be set back • • 

from end of car body, gaage of track 4 ft. 8^ ins. 

Bottom framing to be tied together with % in. ronnd refined-iron rods, one 
for each throagh cross sill, extending across the whole width of bottom frame 
and throagh side sills and plates, with thread and nut at each end. Short fram« 
ing and trap door framing to be also tied together with ^-in. round refined-iron 
rods and plated where necessary. Body bolsters to be made of 9 ins. z 3^ in. and 
9 Ins. X % in. iron filled with oak, made to suit the requiromeats of the tracks 
and securely bolted to the car body. 

Inside truss rods to be made of 2 ins. z 1^ ins. refined iron with 1 in. round 
ends with thread and nut. These trasses to be placed as high as possible and out 
into posts and securely fastened to posts and sills. Also truss rods of 1 in. round 
Iron to be placed underneath side sills to support centre of car. with turnbackle' 
In the centre, and securely bolted to sills at ends. 

Floor to be of best quality quarter-sawed yellow pine, % in. thick with S^in. 
face, tongued and grooved, closely laid longitudinally with car and securely nailed 
to bottom framing. Floor to be of two thicknesses, the lower layers being laid 
crosswise and the top floor to be laid longitudinally with car. Trap doors to be 
fitted with large wrought-iron handles, counter sunk into trap doors and bolted 
through. 

All parts of bottom framing and under side of floor to be painted with brown 
oxide of iron paint, and all mortises and tenons to be thoroughly white leaded 
when being put together. 

BoDT Fbamtko.— All posts, rails and other parts of body framing to be of 
best quality tough ash. Ventilator rails to be faced with oak on the inside and 
molded. Side of car to be framed for 11 windows on each side with straight siding 
below windows. Bnds of car to be framed for double doors and one window at each 
pide of door opening. Posts to be well braced. Diagonal cross bracing between 
posts, made of oak 3^ in. x ^ ins. and tightly flttcd. Outside of car below win- 
dow to be sheathed with matched poplar sheathing vertically and well nailed to 
body framing, sheathing to be ^ in. thick and 2 ins. wide on face. 

Inner side of sheathing to be backed with.best qualily linen scrim well glued 
to sheathing, posts and bracing, and when the glue has become hardened the scrim 
to be painted with brown oxide of iron paint. The joint between sill plate and 
sheathing to be covered with 1^ ins. x }i in. half oval iron molding extending 
full length of body at sides, also on ends. The joint between arm and rail and top 
edge of sheathing to be covered with 1^ in. z ^ in. lialf oval iron molding eztend- 
ing full length of body and around comers to door posts on ends in one continuous 
piece. Poets to be secured at bottom with strap bolts made of \% in. z A ^i^* iron, 
extending through sill with thread and nut at bottom. Strap bolts to have heel 
bent on top and cut caref ullv into poets and to be securely screwed to posts. 
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Poats to be tenoned, and bUIb and top plates to be mortised, drawbored and pinned 
and all pinning to be done in snch a manner tiiat pins will draw tenons into mor- 
tises. 

Tops of posts to be provided with wronght-iron T-plates securely fastened to 
posts and top rails. Side top rails to be of best quality yellow pine, size 4^ ins. x 3 
ins., finished, strengthened by a heavy letter panel made of ash \% ins. thick and 

7 ins. wide, which is gained into top rail as well as posts. Under drip rail to be 
^ ins. z2^ ins. x^ in. angle iron, extending from comer post to corner post in 
one continuous piece and securely screwed to posts and letter panel. Arm rail 
of ash, size \% ins. x 4^ Ins., finished. Side posts of ash, 2^ ins. thick, cut to 
pattern. Comer posts of ash, 4 ins. thick, cut to pattern. Diagonal bracing be- 
tween posts of oak, size % in. x 8^ ins. Trass plank at bottom, inside, of ash, 
size 1^ ins. x 9 ins. Door posts of ash, size iS^ ins. x ^}4, ins. Bach door post 
shall be provided with one % in. round iron rod, extending from top of headpiece 
through to bottom of end sill, screwed to headpiece and let into door posts, and to 
have thread and nat at bottom. 

Roof.— To be of the monitor-deck pattern full length of car. All parts of 
roof framing to be of best quality tough ash. Ventilator rails to be faced with 
oak inside and molded. Lower ventilator rail of ash faced with oak, 2^ ins. x 
4^ ins. Upper ventilator rail of ash, size 2^ ins. x 3il< ins. Ventilator mullions 
of ash or oak, size \% ins. x 2^ ins. Side of lower deck carlines of ash, size 1^ 
ins. X 2 ins., cut to pattern, glued and tenoned into lower ventilator rail, and 
shouldered, glued and screwed to side top rail. Centre of upper deck carlines of 
ash, 1^ ins. x 1^ ins., cut to pattern, glued and screwed to top ventilator rails. 

Roof to be further supported by ten steel carlines, one ov^r each intermediate 
side post, made of 1^ in. x 9^ in. steel, forged to sha|>e of roof in one continuous 
piece and extending from side top rail to side top rail, with a foot at each end, 
which is securely screwed to side top rails. Steel carlines to be securely bolted to 
wood carlines. Roof framing to be covered with matched poplar sheathing ^ in. 
thick and 3 ins. wide, closely laid and secuiely nailed to roof framing. Outside 
of roof sheathing to be painted with brown oxide of iron paint, and then covered 
with No. 8 cotton duck, and outside of duck covering to be painted three coats of 
lead and oil paint before trolley board is placed in position. Inner side of roof 
sheathing to be painted with brown oxide of iron paint. The entire upper deck 
of roof to be covered with roof mats made of ash slats, placed on ash cleats laid 
in white lead, and securely screwed to roof framing. 

Tbollet Board.— To be of best quality white pine, made of two boards \% 
ins. thick, 6 in. wide and 11 ft. long, placed 4 ins. apart on centre of roof, placed 
on ash cleats laid in white lead and securely screwed to roof. All parts of trolley 
board and roof mats to be well painted with lead and oil paint. Bolts to be pro- 
vided for securing trolley pole base stand, and to be located to suit the 

base. Roof mats to be placed on loWer decks at diagonally opposite comers of 
car, also black steps on comer posts and grab handles on roof at same comers, of 
black. • 

Platfobms and Vbstibvleb.— Platform outside knees of oak, ^ ins. thick, 

8 ins. wide. Platform inside knees of oak, Z% ins. thick, 8 ins. wide. All 
platform knees to be re-enforced with 5 ins. x % in. iron plates extending full 
length of knees and securely bolted to same. Platform floor to be best quality 
quarter-sawed yellow pine % in. thick with 2^ in. face, laid crosswise and 
securely nailed to platform framing. Distance from top of car floor to top of 
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platform floor fSt/^ ins. Platforms to be 4 ft. 10 ins. long from end of car body to 
outside of vestibale* front at centre of car, enclosed at front by stationary 
vestibule, with folding doors at both sides hang to vestibale comer posts, also 
folding gates for sammer use. Vestibale to have three sash at front, the sash 
in centre opening to drop, and all other sash to be stationary. AH framing 
parts of vestibale to be of best quality toagh ash. Lower part of vestibale fronts 
to be sheathed with matched poplar sheathing, placed vertically same as on sides 
of cars, sheathing to be ^ in. thick and 2 ins. wide on face and securely nailed to 
vestibule framing. Inner side of sheathing to be backed with linen scrim and 
painted same as on sides of car. 

Inner side of vestibules to be finished in oak throughout, finish at bottom to 
be panel work, all finished in the natural color of the wood and varnish. 

Hoods.— To be of the street car pattern. The bow to be of oak 1^ ins. x 
\% ins. steamed and bent to shape. The carlines to be of ash % ins. x 1^ ins. 
steamed and bent to shape, shouldered, glued and securely screwed to bow. Hood 
carlines against end of car to be of ash, 1^ ins. x 1>^ ins. Hoods to be covered 
with matched poplar sheathing % in. thick and S^ ins. wide, bent to shape and 
securely nailed to bow and carlines. Outside of sheathing to be painted and 
covered with cotton duck, and outside of duck covering to be painted three coats 
of lead and oil paints. Inner side of hoods to be painted same color as outside 
of car body. Outer edge of hoods to be provided with an iron guard to prevent 
trolley pole from wearing out canvas covering. 

SxoKiNo CoxPABTXBNT.— Each car to have a smoking compartment at one 
end, 7 ft. 8^ ins. long between end linings, with longitudinal side seats made of 
oak and varnished. Partition between smoking compartment and balance of car 
to have a single sliding door, 25-in. opening. Windows at each side of door open- 
ing in partition to be glazed with clear glass; also glass in door to be clear. 

Windows.— Eleven on each side of car, and two at each end. Each window 
opening to have two sash, the upper one to be stationary and the lower one to 
drop flush with arm rail. All window openings at sides of car to be provided 
with a hinged casing covering space between sash and inside lining, which will 
close the opening both when sash are up and down. The lower outside end sash 
to be made to drop, and the inside end sash] to be hinged and fitted with brass 
wire cloth. 

Intebiob Finish.— Interior finish of car body and vestibules to be of quar- 
tered oak throughout, of modem design and secured in place with solid black 
oval-head screws. End and side linings of oak, % in. thick, with raised panels 
/e in. thick. 

Doors: Center rails of oak, ^ ins. x 1^ ins. Lower rails of oak, 8^ ins. x 
1^ ins. Upper rails of oak, ^ ins. x 1^ ins. Side dpor stiles of oak, 4^ ins. x 
lx\ ins. Center door stiles of oak, 4 ins. x 1 /, in. Panel mutins of oak 2 ins. 
z 1^ ins. Baised panels of oak, /, ins. thick both sides. 

Sash: Bottom rail of oak, S^x^in. Top rail ^f oak, 8^ ins. x 3^ ins. 
Side stile of oak, 2^ ins. x % in. 

Deck sash: Lower rail of oak, 1^ ins. x 9( in. Upper rail of oak, 1^ ins. z 
9£ in. Side stiles of oak, 1^ ins. x H, in. 

Transom sash in ends: Lower rail of oak, cat to pattern, l^ins.NaJ^in. 
Upper rail of oak, 1 in. x ^ in. Side stiles of oak, 1^ in. x 9^ in. 

Ceiliko.— Of three-ply birch veneer, plainly decorated and varnished, ceiling 
and ceiling moldings to be secured in place with screws, and ceiling moldings to 
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be grooved on back to receive the lamp wires. Back of ceiling to be painted 
with brown oxide of iron paint. 

DooBB.— Automatic donble doors at each end of car, made of oak with oak 
panels, hung at top with contra-twist door fixtures. Door in partiUon to be hung 
with hangers and track. Door openings at ends of car to be 40 ins. wide and 6 ft. 
8 ins. high, and door openings in partition to be 25 ins. wide and 6 ft. (ins. high. 
All doors to have stationary glass. 

Sash.—AII sash to be % in. thick and made of oak. 

Deck Sash.— Eleven on each side of car pivoted and made of oak. The ends 
of ventilator or monitor deck to be divided into three spaces, with pivoted sash 
in center opening and stationary glass in side openings. 

OLASB—The glass in all windows and doors to be first quality double thick 
American window glass, imbedded in molded rubber on all edges to prevent rat- 
tling. Glass in deck sash to be double thick white chipped, with 1 in. clear edge 
and imitation bevel. 

CuBTAiNs.—All side and end windows, also outside of end door openings to 

be provided with curtains. Curtains to be made of material, pattern 

color , mounted on 1-in. spring rollers and fitted with the 

fixture at the bottom. Curtains on outside of end doors to be 

made up in same manner as the other curtains, to be placed in a neat oak box 
over door opening with side pieces extending down to arm rail to form guides 
for curtain fixtures. 

Sbats.— There are to be eight (8) on each side of car in large compartment, 

six of which are to be of Walkover pattern, and four stationary 

seats; the two stationary seats at end next to vestibule to be placed longitudinal 
with car, and the two stationary seats next to partition to be placed crosswise. 
Cushions of all reversible and the two longitudinal stationary seats to be 88 ins. 
long and the two stationary peats next to partition to be 81 ins. long. Backs of 
all cross seats to be 22 ins. high, and those of the longitudinal seats to be of same 
height as side lining (18 ins.). All reversible cross seats to have grab handles on 
coiner of back at aisle end, also movable foot rest and thumb latch on seat back 
levers. All seat cushions to be 18 ins. wide. All seat and back cushions to be 
covered with canvas-lined rattan with hard enamel finish. Space between center 
of stationary cross seat and the first reversible seat to be 87 ins. Reversible seats 
to be spaced 17 ins. between edges of seat cushions when passengers are facing 
each other, and 16^ ins. between edges of seat cushions when backs are all 
turned same way. Aisle through center of car to be 20 ins. wide. 

Hand Rails.— To be placed in smoking compartment only, supported by 
black ornamental brackets. Rails to be made of oak \% ins. diameter, with pol- 
ished black ends. Each rail to be supplied with six (6) padded hand straps made 
of fancy leather and fitted with black buckle. 

Floob Mats.— Everett pattern, made of ash slats % in. thick, % in. wide, 
placed % in. apart, extending longitudinally in aisle full length of car and sunk 
flush with the floor. 

Tbimxings.— Of very best quality black metal, dead flnlsh and secured in 
place with solid black screws. 

Obab Handles.— Long vertical grab handles to be placed on poets at each 
Bide of each vestibule entrance, made of 1-in. steel-lined black tubing fitted into 
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black end sockets, M ins. long, and secarely screwed to posts with solid black 
oral-head screws. 

Window Gvabds.— Three bar window gnards to be placed on outside of all 
end windows, made of ^ in. heavy black tubing filled with hard wood and secured 
in place with solid black screws. 

Signal Bblls.— Two 6-in. steel condactor's signal bells to be supplied with 
each car, with necessary cords of iV^^^- round oak tan leather extending through 
center of car suspended from ceiling with suitable black hangers with 13-in. drop. 

Rboistbb.— One fare register of latest pattern to be furnished 

with each car, with necessary cords of i^«-in. round oak-tan leather extending 
along ventilator rail at each side full length of car and onto both platforms, sus- 
pended by suitable brackets or guides. 

WiBiHO.— Car bodies to be wired for light and trolley circuits. Light circuits 
to be arranged for four single lights on each ventilator rail in large compartment 
and two single lights in upper deck of smoking compartment. All wiring mate- 
rial, sockets and switches to be furnished by the railway company. 

Hbadlioht.— Each car to be equipped with one headlight 

complete^ arranged to hang qu front of vestibule. 

HEATBBS.—Each car to be equipped with sixteen electric heaters, type to be 
selected by the railway company. 

Sand Boxes.— Each car to be equipped with two (2) sand boxes— one at each 
end at diagonally opposite comers of car, placed under seats, arranged to operate 
by foot lever, and supplied with removable hose. 

GoMGS.— Two 14-in steel foot alarm gongs to be supplied with each car one 
imder each platform. 

Bbakb Stafvs.— One on each platform, W ins. round at the bottom, forged 
tapering to 1 in. round at the top, well braced, fitted with 12^-in. black ratchet 
brake handle and 9^in. twist-link Norway-iron brake chain. 

PukTroBM Steps.- Double steps at each platform entrance, sides of steps to 
be made of steel plate \i in. thick, with treads of ash % in. thick and 8J^ ins. 
wide. Distance between end of car body and inside of platform crownpiece 38 
ins. Distance from outside of car side to outside of platform knee 18 ins. Dis- 
tance from top of platform to first step 11 Ins., and from top of upper step to top 
of lower step 10^ ins. Distance from top of platform fioor to underside of bot- 
tom step 24 ins. Distance from top of platform floor to top of car floor 6^ ins. 
Edge of bottom step to project \\i ins. beyond side of car. Outer edge of step 
treads to be covered with iron molding. 

Draw Babs.— Extra heavy radiating spring draw-bar at each end of car. with 
necessary slides, all securely bolted to car body. Height from track to center of 
draw-bars when car body is mounted on trucks to be SS^ ins. 

BuxPBBS.— Angle iron bumpers to be placed on front of vestibules, made of 
6 ins. x 8^ ins. x % in. angle iron bent to same shape as vestibule front, and 
extending full width of same, projecting 6 ins. beyond front of vestibule and 
securely bolted to platform knees, which project out for that purpose. Height 
from track to center of bumpers to be 8^ ins. 

lf/^ .^aTAy^ ^2a> WoBKXANSHip.— All material entering into the oonstnictioB 
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and finish of these car bodies to be of the very best quality ; all sills to be fall 
length without splicing; mortises and tenons to lit each other tightly without 
false filling, and to be thoroughly white leaded when being put together; all 
lumber to be of the very best quality and thoroughly well seasoned and dried; 
and all work to be done on a strictly first class workmanlike manner. 

CoBNSB Posts and Hbadpibcb.— To be securely tied together with an aiig.e 
iron brace let into top of headpiece, comer post aud side top plates. Outside of 
comer post, where it joins plate and headpiece, to be protected by a heavy iron 
plate. Comer iron to be placed in comers of hoods where the bow Joins the rear 
carline. 

Paiktino.— These car bodies to be painted in the best possible manner, let- 
tered, ornamented and striped as desired by the railway company, and varnished 

throughout with railway vamish. Outside of car to be painted in 

the following manner: Two coats of pure white lead and linseed oil. After sec- 
ond coat car to be puttied and plastered where necessary. Car to be rabbed with 
pumice stone and water until a perfectly smooth surface is obtained. Two coats 
of flat body color, and if necessary an additional coat will be put on. depending 
on color used. One coat color and varnish, on which striping and lettering will 

be done. Two coats robbing varnish, second coat to be rubbed with 

pulverized pumice stone and water. Two coats railway body vamish. 

All striping to be done in gold. Letter lug and numbering to be of same size and 
style as shown by photograph to be sent by railway company. Boof of cars to be 
painted three coats of lead and oil paint, each coat to be allowed to dry before the 
succeeding coat is applied. Inside work to be finished iu the following manner: 
All parts of inside woodwork of car and vestibule to receive one coat of oil filler, 

one coat of pure linseed oil, and three coats of robbing vamish, last 

coat of vamish to be rabbed to a cabinet finish. No shellac to be used on any 
part of the cars. 

iNSPBonoN.— The railway company shall have the privilege of sending a re- 
presentative to the shops of the car builders to inspect and examine the cars whilo 
being built. 

Tbuoks, Moukting Morons and Instaixiko Blbotbical Ei^ummiT.— The 
company to furnish and deliver free of any expense at the works of the car build- 
ers all necessary troclcs, motors, wire, switches, sockets and all other electrical 
equipment for these cars, and the car builders to install same without any extra 
charge. 

TmB OF Dbliybbt.— These car bodies to be delivered complete, f . o. b. cars, 

on or before 19...., subject to delays caused by fire, labor 

trouble or any other cause beyond the control of the car builders. 

liOMBNCUlTUBE OF CAB PABTS* 

(Sbb Figs. 288, 889, 890.) 
Abreviattons* 

WOODWORK. VITAL WOBK. 

0...« Oak C. I.... Cast Iron 

A Ash W.I...* Wrought Iron 

Y.P. Yellow Pine M.I Malleable Iron 

P Poplar W.S WionghtSteel 
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8. SilI.Y.P.,0. 




66. 


Upper deck. 


0. End Sill. 0. 




67. 


Deck bottom rail. 


10. Transverse floor beams, 0. 


68, 


Deck post. 


11. Cross tie rod, W. I. 




69. 


Deck window. 


16. Side post, A. 




61. 


Deck end ventilator. 


17. Comer poet, A. 




64. 


Window. 


18. Door post, A. 




66. 


Window stile. 


19. Belt rail, A., Y. P. 




67. 


Bash lift. 


20. BeltraUband,W.I., 


half oval. 


68. 


Sash stop bead. 



%^ 
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21. Fenderrail, A.,Y. P. 

22. Pender guard, W. I., half oval. 
28. Body truss rod, W. S. 

24. Body queen post, W.S., M. I., C. I. 

25. Truss rod plate, W. I., C. L 

27. Outside panel, Convex P. 

28. Lower outside panel, Concave P. 

29. Upper end panel. 

80. Lower end panel. 

81. Inside frieze panel. 

82. Panel strip. 
88. Panel furring. 
84. Seat bottom. 
86. Seat leg. 

86. Front seat rail. 



69. 


Window blind. 


72. 


Window blind mullion. 


78. 


Window blind lift. 


77. 


Window guards. 


78. 


Door stile. 


79. 


Door mullion. 


81. 


Middle door rail. 


82. 


Top door rail. 


86. 


Mirror. 


86. 


Door case Rash. 


89. 


Pare wicket. 


91. 


Sliding door handle. 


102. 


Platform timber clamp. 


108. 


Platform end timber or crown 




piece. 
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88. 


Back Beat bottom rail. 


108. 


Platform post. 


89. 


Back seat rail. 


109. 


Platform post boss washer. 


40. 


Lower seat back rail. 


110. 


Platform rail. 


42. 


Seat back board. 


112. 


Dash guard straps. 


48. 


End seat panel. 


118. 


Body hand rail. 


44. 


Upper belt rail. 


114. 


Side step. 


45. 


Window ledge. 


116. 


Hood. 


47. 


Plate. 


116. 


Hood bow. 


48. 


Eaves moulding. 


117. 


Hood carline. 


40. 


Window blind rest. 


119. 


Hood moulding. 


60. 


Window sash rest. 


120. 


Brake shaft crank. 


61. 


Outside window stop. 


122. 


Brake shaft. 


62. 


Inside window stop. 


128. 


Upper brake shaft bearing. 


68. 


Carline. 


126. 


Brake ratchet wheel. 
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The modem tendency is to lengthen car bodies, especially where there are 
many short distance riders, since it leads to increased comfort and the probability 
of the passengers always obtaining seats, and this will attract more traffic al- 
though the cost for operating is very slightly increased. Where double trucks 
are substituted for single trucks, the car body can be lengthened 4 ft. and in- 
creased in weight proportionately without perceptibly affecting the demand on 
the power station, or increasing the power supply per equipment; and, the labor 
item being a constant, the cost per passenger will be less. 

SPUCINO CAB BODIBS. 

A number of roads have increased the length of their car body by cutting 
in two and splicing. The Union Traction Co., Philadelphia, has followed the 
following practice : Taking its short 18 ft. car bodies, which had six windows. 




S4// of &fif Car #'jt*'^ff>f 





^^ /y-i ^S3?V 



FlO. S91.— METHOD OF SPLICING CAB BODIES WITH WOODEN 



the body is sawed in two. The side sills are cut dovetail, and the inserted len^ith- 
ening sill is dovetailed into the side sill. The car is lengthened so as to ju8t 
receive two more window frames, which gives a car body length of 24 ft. when 
complete. The inserted sills are only need to hold the uprights. For strength a 
steel angle is fitted to each side of the car for the length of the body. The sides 
of the angle are steel plate, L-shaped, 6 ins. x 4 ins. and % in. thick, the 4 in. 
side being placed under the sill. In addition to this angle iron, a truss rod is 
placed behind the sills to reinforce the angle, and two maximum traction trucks 
are placed under the body. 

Another method is to splice two small cars together. This has been carried 
out by one company in the following way: The two bodies are set on horses; the 
back end is removed from one of these bodies and the front end of the other. The 
comer posts and end sills are ripped in half. Then the two bodies are butted 
together and fastened with ^-in. carriage bolts, placed so as to be out of sight. 
The sills are reinforced by ^in. angle iron plates, extending 4 ft. each way from 
the splice. The old panels and water rails are removed, and a piece of Southern 
pine, 4^ ins. X 12 ins. x 82 ft. is set into it flush with the bottom of the sill, 
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and bolted throngh the old sill every 22 ins., nsing ^-in. bolte with cast washers 
on the pine side. On each side of the splice two rods 3£in round went clear 
through the body. The 4^ in. x 12 in. sill was framed to fit the top curvature of 
the post. Fig. 291 shows a section of this car body and the method of trussing 
to support it. 

To give sufficient strength to the roof, two pieces of Southern pine, 2 Ins. x 
8 Ins., extend the length of the roof and fit into an angle of J^in. iron at each 
end. Two tie rods, X Ins. x 82 f t. x 6 ins. pass through these angles with double 
nuts on each end. By using these tie rods it is possible to give the roof any de- 
sired cambre to hold it there. The 2 in. x 8 in. pine pieces are 14 Ins. from the 
roof at center of the car. On top of this truss is mounted the trolley stand, 
and a double truck is placed underneath the car. 

MODERN IXTERURBAN CAR COXSTBUCTION. 

The size and weight of Interurban cars has been greatly increased during the 
last few years. The bottom frame is now frequently built with six longitudinal 
sills -two center, two intermediate and two side sills. 

The ^de sill is usually made of one piece of long leaf yellow pine 5 in. by 8 in. 
and one piece of the same 2 in. by 6 in. enclosing a 6 in. by ^ in. steel plate 
between them, all being securely bolted together. 

The center and Intermediate sills are 6 in. steel I-beams with filling pieces on 
each side, all bolted together, forming square sills into which the bridging or 
cross sills can be framed. 

The four center and intermediate sills extend, In many cases, from buffer to 
buffer, thus making the platforms level with the car floor and capable of support- 
ing a heavy weight without sagging. This construction gives great protection in 
case of collisions. 

A number 61 cars have been built in which the entire bottom frame was made 
of steel I-beams with wooden strips on top for fasteniug the floor. The latter is 
in two layers, one or both laid diagonally. 

In a modem body frame the side frame from the sill to the belt rail have been 
greatly strengthened. Fig. 291b shows how the side frame is trussed and braced 
which aids greatly in preventing the breaking up of the car In an accident. The 
roof is of the steam railway coach type with hoods covering the vestibules at both 
ends and built In the same manner, with steel carlines at every side post. 

The usual length is from 50 to 52 ft. over all, and the total weight, including 
trucks, motors and all equipment, is from 59,000 to 70,000 lbs. Owing to their 
solid construction and the costly interior finish now used, which is usually 
mahogany, these cars, such as is shown in Fig. 291c, cost from 16,000 to |9,000, com- 
plete with all equipment 

FIBB PROOF CABS. 

Since the beginning of underground operation of heavy electric cars, several 
improvements have been made along the line of fire protection. Some of these 
ears are built of wood much the same in design as heavy interurban cars, but the 
entire space under the car is covered with a fire proof material similar to asbestos 
board, H in. to % in. thick. On this Is placed the car wiring. The sides of the 
cars flrom the under side to the belt rail are sheathed with sheet copper, this will 
aid in fire protection, and it never requires painting. Recently there has been pnt 
}n service a number of the Oibbs all steel cars which are practically fire proof. 
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TRUCKS. 

Test on Peekham Trnok.— All cafltiugB except center bearing and Bide 
polee were malleable iron; side pieces were forme.I of 4 bars of flat iron, riveted 
to pedestals, placed in pairs, to take compression and tensile stresses. The truck 
was the same as a 14-A, except heavy enough to carry loads of 80,000 lbs., with a 
factor of safety of 6. The test was made by the Robert A. Hunt Co. on a wheel 
press. 



LD, Tons. 


Total Diflbotiok, 


IM. 


Pbbmakbmt Sit, Iha. 


5 


.00 




.00 


10 


.00 ' 




.00 


15 


.08 




.00 


20 


.06 




.00 


25 


.04 




.00 


80 


.07 




.08 


85 


.16 




.10 


40 


.10 




.18 


45 


SA 




JT 



At 50^ tons, the lower tension members broke throngh the first rivet hole 
and the malleable casting at one end. 

Figs. 292-294 show the No. 14 Peckham truck. The length of the car body, 
upon which the trucks were mounted, was 24 ft. The length over all 83 ft. . The 
distance from rail to bottom of car sill, 28 ins. The distance from rail to car steps 
16 ins. The width of car body, 7 ft. 7 ins. The diameter of axle, 4 ins. The 
wheel base on trucks, 5 ft. 7 ins. Diameter of wheels, 80 ins. 

Method of Increasing: Traction.— It has been urged against the doable 
track that the weight on the driving wheels was not snftlcient to mount grades. 
This has been successfully overcome in one instance, where a 14^ per cent grade 
had to be mounted, by placing double trucks ander the car, but both motors under 
the rear truck. It must also be borne in mind that the hanging of the motor for- 
ward of the front axle of the car increases the weight on the driving wheels, on 
account of the additional weight of the motor; in this way greater tractive effect 
can be given for maximum traction or doable truck cars. 

In descending grades there is twice the coefficient of adhesion between the 
eight wheels that there is with the single track four wheels. As a resalt of care- 
ful tests between the doable and single track, it is found that the doable truck 
requires' less power, for the same car body, than the single truck, especially where 
the single truck alljgws considerable teetering of the car. In one case a car body, 
weighing 8 tons more with a double truck and the same motors, showed 1.21 kw 
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per car mile, whereas a single track, with the same motors, showed 1.87 kw per 
car mile over the same track. The ooly change was made in the track. 

In looking for the difference in efficiency of these two types of tracks, a 
cyclometer was pat upon each driven axle, and it was foand that the actnal slip- 
page ranged between 10 per cent and 18 per cent between the front and lear 
wheels when the car was on a level and when climbing a 6>i^ per cent grade, 
the front wheel having the slippage. It mast be remembered that, in case of 
wheels slipping, the heating of the track and wheel is lost energy, and prodaces 
no nsefnl resnlt. 

SEI^CTION OF TBUCKS. 

It is probable that, even with the cantilever extension track, a 22-ft. closed 
car body (being abont SO ft. over all), is approximating the limit of a size of 
body which can be snccessfally carried on a 7 ft. wheel base. Fig. 294 shows the 
cantilever extension track, which is the size used ander a 22-f t. car body saccesa- 
fully. 

The spring support to the body is generally differential, that is, an elliptical 
doable or single takes the weight of the car body light. The best method sets the 
car body over an elastic support, which will not be too light at low loads, allowing 
the car body to oscillate or pitch, and not coming down too hard under heavy loads. 
The springs should be so arranged among themselves as not to repeat the move* 
ment over bad joints, but their interaction should tend to damp out any oscillat* 
ing effect. 

As the load comes on the car body, the elliptical springs are depressed. When 
they are compressed to a point where they lose their resilience the weight is taken 
up by spiral springs. The arrangement of springs under the track to support the 
weight varies with different truck manufacturers. The points, however, which 
should be obtained in truck construction are : rigidity of frame to withstand the 
stress tending to throw the axles out of alignment on rounding curves; the power 
to resist the longitudinal strains thrown on the track frame by sudden changes in 
track contour, and reduction of uncushioned weight on the wheels. The track 
must be so constructed as to allow easy access to motors, wheels and joarnal 
boxes. The attachment to the car body should be made so as to be readily remov* 
able. The method of constracting the track frame can be either riveted bridge 
constraction or solid side frame. 

CAB AXI^S. 

Cold rolled steel and wrought iron are both used for axles, wrought iron 
having the preference. The diameter varies from 8^ ins. to 4 ins.; 8^ ins. is 
the most common diameter for the journals. The gear keyway is generally made 
for a key ^ in. wide and cut ^ in. deep in the axle. Axles are found to break 
where square corners are present for the fracture to start. All corners should, 
therefore, be turned with flllets. If the keyway is cut with a milling machine so 
that it has sloping sides, the axle will be less liable to break at this point than if 
the keyway is drilled at each end and slotted out. 

The size that the axle should be turned before forcing on the wheels can 
only be determined by experience and depends upon the density of the wheel 
hub and the axlo. The length of the axle for standard gage varies with the dtf* 
ferent tracks. The Taylor takes an axle 6 ft. 8 ins. long : Peckham, 6 ft. 4^ ini. 
and also 6 ft 6^ Ins.; Brill, 6 ft. 6 ins.; HcOnire, 6 ft. 6 ins. and 6 ft. 9 ilif,| . 
|S«ipl«iaid9iatiiAoMy0ltC9<l>»*$ Diamond, 6 ft. C^ inn 
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APPBOXmATB WIGIGHT OF MOTOR TRUCKS. 

Oaob, 4 ft. 8^ nr. 



MAKB or TBUOK. 


Weight 

Wheel. 
Lbs. 


Diameter 

of 

Wheel. 

Ins. 


Weight 

of Truck. 

(Bare) 

Lbs. 


Weight of truck 

equipped with G. E. 

800 motors. 




1 Motor. 
Lbs. 


2 Motors. 
Lbs. 


Bemis, four-wheel 


250 

800 

800 

280 

800 

1300 

1200 

280 

jSOO 

1200 

800 

800 


80 
80 
80 
80 
80 
801 

22r 

80 

80t 

24r 

80 

80 


8,128 
8,500 
8,000 
8,600 
6,210 

6,400 

6,400 

6,000 

4,000 


6,000 
5.800 
4.800 
6,400 
4,900 

4,600 

6,000 

6,800 

6,200 


6800 


Brill, four-wheel 


7,100 


McOnire, four-wheel 


6,600 


TriDD fonr-wheel ....^ 


6,900 


Remift. eiflfht-wheel 


Brill, (maximum traction) ... 
Tripp, eight- wheel 




Robinson, radial 


8,600 
8,000 


Peckham, four-wheel 

*' eight-wheel 



STANDARD DIMENSIONS FOR BRUX NO. Sl-R. TRUCKS. 

(See Figs. 295, 206, 297.) 



Ft. Ins. 
4 






Width 
over top 
plates. 




Centres 

of top 

plates. 

B 



Width 
over jour- 
nal boxes. 
D 





Length of 

axle. 

li 




Wheel 

base. 

Ifi 



Ft. Ins. 
6 



Total 

len^rth. 

F 



Ft Ins. 
14 8 



Spring 

base. 

O 



Ft. Ins. 

18 2 

13 8 

14 2 
14 8 
16 2 
16 8 
16 2 



Diameter 
of wheel. 

H 


Height of 

trucTc.with 

weight of 

body. 


M 


N 


O 


p 


R 


S 


T 


Ins. 
80 
88 


Ins. 


Ins. 
16 


Ins. 
189i 


Ins. 


Ins. 
10 


Ins. 
16 


Ins. 
28 


Ins. 
% 
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INTBBURBAN MOTOB TBVCKS. 

The n^CMslty for heavier and stronger tmcka has led to the general adoption 
■Of an all steel swing bolster, equalized truck almost identical in design with the 
Master Car Bailders standard for steam roads. A partial exception to the above 
is the equalized truck shown in Fig. 297a. li& order to secure side play, instead of 
hanging the bolster on the ordinary swing links, it it hung by the equalizer 
springs from the side frame of the truck. In this form of track the blow from the 
car wheel is transmitted to the car body throngh the Journal box springs, the 
equalizer springs and the bolster springs in series. 

ImprovementH in the design of the motors are constantly being brought out 
Many of the lat<>r designs are especially arranged so as to be accessible from above 
I. r., in repair work the trucks are removed from beneath the car and the work 
done on the floor Instead of in the pit. Insulation has been improved some, as 
well as ventilation of the motor frame. 

In mechanical details also an advance h«8 been made; Tarloos new methodt 
of lubricating the armature and axle bearings have been devised. A decided 
tendency to abandon grease as a lubricant and substitute oil is evident Several 
patented devices for feeding oil at the proper rate are In use. 

A compromise wheel design has been widely adopted in which the tread la 
8 in. wide and the flange ^ in. to ^ in. deep. This makes a reasonably safe wheel 
but when made of chilled cast iron« the pavement rapidly chips off the outer edge 
of the tread and the shallow grooves in city special work break off flanges. This 
wheel will not run with safety through the frogs and switches of a steam road on 
account of its narrow tread. Most of the city and intemrban cars have 2^ in. 
tread and ^ in. flange. A 8 in. tread overhangs the head of the rail and breaks op 
the pavement. 

GAB AXLES. BBARIBTOS AXD OIIJNO METHODS. 

The diameter and weight of car axles for intemrban service have been greatly 
increased to keep pace with the Increasing weight and speed of the cars. The 
diameter of axle^ through motor bearings has been made 6^ in. In theheavieat 
type of car, and this diameter is increased to 7^ in. or 8 in. at the gear flt, in order 
that the keyway may not cut into and reduce the strength of the driving axle. 
The main journal bearing for tbisaxle is 5 In. diameter by in. long. The motor 
axle bearings are 6^ in. x 11^ in. 

The labrication of the axle bearings of the motors is now usually accomplished 
by wool waste saturated with ordinary journal oil in an oil well under the bearing 
which is part of the motor frame. 

The lower half of the axle lining is cut away oonsiderably, allowing the waste 
to come in contact with the axle. 

This method is that in use on nearly all cars for lubricating the main jonmalt 
Other methods for lubricating main journals are in use. One of these uses no 
waste in the journal box and substitutes two or nine light wheels supported in 
a frame which flts in the bottom of the box. The lower part of their peripher j 
dips in oil held in the box and in rolling on the axle carries the oil to it. 

In the turning of new axle bearings or in trueing up old ones a good plan is to 
roll the surface after the flnishing cut has been made. This is done by means of 
a steel roller held in a tool which flts the tool post of the lathe. This toller is 
forced against the bearing surface and rolls or bumlshei it until It is smooth. 
This method is considered by some to be better th«u grinding •nd is in use by 
flWi^(l t eamro»dft 
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Under no circamstances shonld a file be used on a finished bearing. The old 
form of eplit axle gears for intenirban cars has never given satisfaction owing to 
bolts working loose. 

Solid cast steel gears with tangential spokes are now coming into nse. They 
arc forced on over a key by hydranllo pressure as are wheels. Reamers are kept 
in stock 80 that when it is necessary to force new gears over the same axle to 
replace those worn ont, the bore of the new gear is reamed to give clearance to go 
on with the same pressure as did the first one, which is forced on at between t5 
and 80 tons pressure. 

The same method applies to wheels, one of which has to be renewed whenever 
a new gear is applied. Such gf^ars seldom give trouble and run until worn out. 
The diameter of the axle is usually made larger under the gear than at the wheel 
fit, BO that the kewway does not extend deep enough to w^iken the axle. 

The latest type of solid gear has a flange on the side towards the wheel and 
the latter is so designed that the gear can be bolted to the wheel. This gear is 
pressed on over a key also and the above gives much additional strength and 
reduces the axle breakage which most usually occurs between the wheel and gear 
on gear side, due to the short radius of strain set up between the gear and wheel, 
w hich causes a crystalization. 

CAB WUISELS. 

The following table gives the composition of car wheels which showed a long 
life and stood thermal and blow tests. 



Graphite «.... 

Combined carbon 

Silicon 

Manganese 

Sulphur 

Phosphorus 



ANAI4T8I8 or OAB WHEELS 



Which Stood 

Thermal Test for 

(lOMins. 



Max. 

8.28 
.05 
.75 
.63 
.068 
.48 



Min. 

2.66 
.82 
.60 
.20 
.055 
.36 



Which Stood 40 

or More Blows 

Drop Test 



Max. 

8.81 
.90 
.70 
.46 
.086 
.52 



Min. 

2.66 
.66 
.60 
.24 
.040 
.86 



Which Gave 5 or 

More Tears of 

Service. 



Max. 

8.18 
1.24 

.94, 

.84 

.066 

.49 



Min. 

2.28 
.66 
.68 
.18 
.047 
.26 



It will be seen that these limits are rather wide, but below are given what are 
considered to be the desirable limits for the chemical constituents of wheels: 

Beslrable Wheel Analysis. 

Graphite 2.75 per cent to 8.00 per cent. 



Combined carbon 60 

Silicon , 60 

Manganese, 80 

fnlpTiur k 05 
'hosphorus 85 



.75 
.70 
.50 

sn 

.45 



The proper amount of manganese is an important element, for upon it de- 
pends the capabili^ of the wheel to stand the preliminary test and take a good 
deep chill. 
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There are a great variety of methode and yariation of mixtures need by the 
different Wheel manufacturers, on which they base their mileage guarantees, bnt 
the following are the elements of general specifications for car wheels. 

They most all be cast in true metallic chills of the same internal diameter and 
uniform crosft-section. The body of the wheel to be of clean, soft, grey iron 
smooth and ff%e from blow holes. The hubs to be solid and free from dra^\ iug. 
The tread and throat of the wheel must be smooth and free from deep and irreg- 
ular wrinkles, slag or sand wash, and practically free from chill cracko and 
sweat. The depth of clean white iron should not exceed 3^ in. at throat and 1 in. 
at middle of tread, nor be less than ^ in. at the throat or ^ in. at middle of 
tread; nor should there be more than ^ in. in variation of the depth of chill 
throughout the same wheel. The blending of the grey with the white iron mnst be 
without distinct line of demarcation. See Figs. 296-300. 

In each wheel, when a true metallic ring is placed so as to bear on the cone 
no part of its circumference will stand more than ^ in. from the tread of the 
wheel. No wheel made in a solid chill will be passed whose circumference differs 
from 1^ in. or less than ^ in. from the circumference of the chill in which it is 
made. Wheels cast in contracting chills should not differ more than 2 ins. from 
the circumference of the chill. All wheels during inspection must stand three 
heavy blows of a 6-lb. sledge under the flange and between the brackets, and 
must withstand a pressure of 50 tons when being forced on the axle. 




vWHI 




Fig. 298.— chill fob oar wheel and method of tssttno. 

With each pouring of 100 wheels two additional ones mnst be famished for 
the following tests. One wheel is placed, flange downward, on an anvil block 
weighing not less than 1700 lbs., set on 2 ft. of rubble masonry and having three 
supports for the wheel to rest on, not less than 5 ins. wide. The wheel is then 
struck centrally upon the hub with a weight of 140 lbs. falling from a height 
of 12 ft. The wheel should stand fifteen blows without breaking. If it breaks in 
only two places and the depth of chill is uniform, the wheels may be accepted 
providing they stand boring and mounting with 60 tons pressure. 

The thermal test is carried out as follows : The test wheel is laid, flange 
down, in the sand, and a channel way 1^ ins. wide and 4 ins. deep, must be 
molded with green sand around the wheel, the clean tread forming one side of 
the channel way. This is then filled with molten cast iron, which mast be hot 
J enough when poured to form a ring when the metal is cold that shall be solid and 
free from wrinkles or hiyers. 
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The weight of car wheels has gradaally increased from 260-960 lbs. to SS5-860 
lbs. for 80-iii. wheel, and to 870-380 lbs. for 33-in. wheel. For interorban high- 
speed service the 88-in., 400-lb. wheel is now coming into favor. 

Sections of car wheels are shown in Figs. 299-900. 

The mounting of the wheels on the axle is done as follows: The a-^les are 
pressed in ^ in. less than the gage line between the center of the fillet between 
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Fig. 299.-HSECTI0N of new tork car whbxl, 80 inchoeb. 

the flange and the tread, where the road is not in good alignment and where 
60-lb. rails are used. This is to allow of lateral play and avoid cramping the 
flanges and wearing them nnduly. The surface of the flange presented to the 
special work at frogs and switches is becoming more of a flat furface than form- 
erly to avoid wearing and cutting these parts of the track. With a grooved rail 
the flange end should present as much of a cutting surface as possible, in order to 
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Pig. 800.— sxonozr of wbw tobk cab itheel, 88 nroHit 

clear the groove of dirt and not pack in at the bottom of the groove and increase 
the power necessary for operating the car. The ou^tld i flange should have a 
■light slope to prevent cutting into guard rails, and the tread should not over- 
hang the head of the rail so as to come in contact with paving block« or timik 
pbstractioQS. 
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Flat Wheels.— Flat wheels are primarily cansed by sliding and grinding 
a flat on the wheel. There are a number of canaes assigned for this tronble. One 
is that the wheels which become flat were not perfectly trae with respect to 
the axle so that as the brake shoe was drawn np to the wheel it locked the wheel 
when the largest diameter rolled against the shoe and tended to stop the wheel 
always at one point, thus focusing the wear at one place and producing flats. In 
new and old wheels, where the chill first wears through, a soft metal will be pre- 
sented to the attrition between the wheel and rail in braking the car. The retarda- 
tion is caused by the difference between the length oyer which the car passes, 
and the distance through which the wheel rolls. The maximum retardation is 
approximately when this difference is 22 per cent, and falls when the difference 
passes this point until the cat slides. 

The thermal test on car wheels is an important one, for the foot tons in the 
moving equipment appear as energy dissipated in the rim of the wheel, at the 
brake end under the brake shoe. 



AIB BRAKES. 

Heavy motor cars are now generally equipped with some form of power brakes, 
the power usually being furnished by compressed air. There are two methods in 
use for supplying compressed air. One in which each car carries a small air com- 
pressor driven by an electric motor, which automatically maintains the air pressure 
necessary to operate the brake, in a small retfervoir. A goyemor actuated by the 
reservoir pressure cuts the motor driving the air compressor in and out of the cir- 
cuit, as the pressure rises and falls within predetermined limits. In the other 
method, air compressor stations are established at convenient points, where large 
electrically driven compressors supply the storage reservoirs carried by the cars with 
air at a pressure af about 800 lbs. per square inch. This supply is sufUdeut to last 
the car some hours, dependent upon the service, and is supplitU from the storage 
tank to the regular reservoir, at the proper pressure, through a reducing valve. The 
remainder of the brake equipment is the same as the first method employs. 

The two systems in general use are the so called straight air and automatic air. 
The former is used on individual motor cars, and sometimes on short trains. The 
automatic air brake is the same as that used on steam trains, in which the brake is 
automatically applied to both sections of a train, if the latter should part 

The essential difference between the two systems is that, in the former the train 
pipe is empty when the brake is not in use, and air is allowed to pass through it 
from the main reservoir to the brake cylinder when the brake is applied; while in^ 
the latter the train pipe is always under pressure, and maintains the proper air 
pressure in the auxiliary reservoirs under each car in the train. Any reduction in 
this train line pressure by opening it to ihe atmosphere, whether caused by the 
motorman using bis brake valve, by the use of emergency valves in any of the cars, 
or by the bursting of a hose between cars, applies the brake on the whole train; 
each auxiliary reservoir supplying air to the brake cylinder on its car through the 
medium of the triple valve, which is operated automatically by this reduction in 
train line pressure. To release the brake this pressure must be restored by the 
motorman, who admits air to the train pipe from the main reservoir. This operates 
the triple valves which allow the air in the brake cylinder to escape, and the aoxU* 
lary reservoirs to recharge to their proper pressure. 

To release the straight air brake, the motorman open the train Xs^ tO th* ai» 
mespher^ vf^ ^he air In the brake cylinders paasee out through it. 
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BBAKS IJ&TERAOE. 

Tbe maxlmam braking power applied to a car at the brake shoes should be 
100 per cent of the light weight of a four motor car, 80 per cent for a trailer car, and 
70 per ce§t for a freight ear. In calculating the dimenaions of the various levels, 
lengths should always be in inches taken from center to center of pins, and pressures 
in pounds. 

The usual si2ses of brake cylinders to give 100 per cent braking power on differ- 
ent cars is as f 0II9WS : 



Cylinder Diameter. 


Light Weight Of Car. 


6 Inches 


Up to 80,000 lbs. 


8 »• 


80,000 to 86,000 '« 


10 " 


86,000 to 68,000 '' 


18 " 


88,000 to 72,000 " 


14 " 


Above 78,000 •* 



Fig. 800b shows an example graphically worked out A four motor car weigh- 
ing 40,000 lbs. is taken. It is desired to secure a braking power of 100 per cent or 
40,000 lbs. pressure on the shoes, which is equal to 10,000 lbs. per brake beam or 
6000 lbs. per shoe. 




Fio. 800-K 



It is desired to secure a pull of 10,000 lbs. at the middle hole of the truck dead 
lever, which corresponds to the brake beam. The live lever then must also exert 
a pressure of 10,000 lbs., at Its middle hole, which it will do, for the two levers must 
always be in the same proportion, but not necessarily the same dimensions, in order 
to equalize the pressure on the truck. 

In order to get 10,000 lbs. at the middle pin of the live lever the pidl at the 

W X b 
upper pin, from the formula, would be F = where B^ the distmce from the 

bottom pin or fulcrum, to the middle pin, is 5 ins. and a the distance from the fbU 
I to the top pin, or the entire length of the lever, which is 80 ina. 

Thetefore F = i25^ = aB001bf. 
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As the two trocks are nioially similar, it is evident that to secure the required 
braking presmre there must be exerted a pull of iSOO lbs. on each live lever by the 
brake rods. It now remains to exert this pull of 2500 lbs. at the end of each cylin- 
der lever to which the brake rods are attached. Assuming an 8 in. diameter brake 
cylinder, and air pressure of about 50 lbs. per square inch will exert a forc%of about 
3000 lbs. on the push rod. This force is exerted on the end of the floating cylinder 
lever whose fulcrum is the tie rod pin. To find the position of this pin it is first 
assumed that the total length of the cylinder lever is 27.5 ins. on acconnt of the 
available space; then from the formula 

2500X27.6 ,„.. 
^=8000 + 2500 =12.6 ins. 

3 ^3000X27^= 15 i„3. 
9000 4-2500 

The sum of a and b mnst of course equal the total length of 27.5 ins. The 
cylinder dead lever mnst be divided in exactly the same proportion as this lever, 
though it may differ in length. The force of the cylinder push rod is then trans- 
mitted through the tic rod to the cylinder dead lever, which gives the same pull to 
its brake rod, 2500 lbs. The tension on the tie rod is the sum of the forces on the 
ends of either cylinder lever. 

EUCCTBIC BRAKES. 

The Westinghouse electric brake (Fig. 800-f) consists of a track shoe which is 
magnetized by a winding energized by current produced by the car motors acting as 
generators, and is powerfully attracted to the rail by its magnetism. The downward 
pull, and horizontal drag of this shoe resulting from its friction on the track, is 
transmitted through suitable rods and levers, to the ordinary brake shoes acting on 
the wheels in the usual manner. 

The essential points in the rest of the equipment are merely that the car con- 
trollers be provided with the necessary braking notches to properly connect the 
motors to act as generators, and conduct their current to the track shoe magnets; 
also that a suitable resistance be provided to dissipate the energy generated over 
and above that required by the brake. 

The Price-Darling brake (Fig. SOO-o) consists essentially of two brake controll- 
ers mounted on the platforms, an electromagnetic brake cylinder, an automatic 
controller and a transfer switch under the car. 

The brake controller contains the necessary mechanism for cutting off the 
trolley current from the car motors, and applying it to the brake cylinders, and for 
converting the motors into generators. The brake cylinder consists of a solenoid, 
the core of which is movable, and when enei^zed, first by the trolley current, and 
afterwards by that generated by the car motors, exerts the necessary pull on an 
equalized system of brake levers which transfer it to the shoes. 

The automatic controller regulates the current supplied to the brake cylinder 
by the car motors, automatically graduating the braking pressure as the speed of 
the car is reduced, thus preventing skidding of wheels. 

The transfer switch automatically cuts off the trolley current from the brake 
cylinder when sufficient current is generated by the motors. After applying the 
brake a locking device on the brake cylinder holds the brakes on without using any 
power, as the car approaches a stop, until released by the motorman. This renders 
It possible to hold the cwr on a grade without using the ha^d brake. 
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BRAKES. 

The leverage in hand brakes varies between 40:1 and 72:1, depending npon 
the weight on wheels, grades and conditions of track. The amount of power a 
motorman can exert on a brake wheel is given in the following table. 

POWER OBTAINED BT DIFFEBENT MOTORMEN ON BRAKE 

WHEEI* 



Weight of 
- motorman. 


Gradual pull with 
one hand. 


Jerk with both 
hands on hand 


BmergencT jerk 
with both hands 






wheel. 


on hand wheel. 


Lbs. 


Lbs. 


Lbs. 


Lbs. 


140 


112 


186 


275 


iiOO 


186 


276 


886 


287 


146 


286 


812 


175 


li» 


212 


285 


153 


126 


246 


810 


186 


160 


200 


800 


170 


150 


275 


850 


156 


185 


210 


8^ 


186 


110 


175 


826 


185 


126 


260 


850 


100 


126 


250 


406 


176 


100 


200 


400 


186 


276 


250 


875 




Av. 181.7 


Av.224 


Av. 888.28 



The pressure on the brake shoe should not exceed the pressure between the 
wheel and rail. The effect of speed, brake pressure and traction coefficient is 
given in the following table for hand brakes. 

TABLE SHOWING REIiATIONS OF SPEED, BRAKE PRESSURE 
AND TRACTION COEFFICIENT. 



Speed revolutions 


Brake pressure* 


Traction Coefficient. 


per minnte 
88.in. wheel. 






Lbs. 


Lbs. Per Cent. 


Varying, 150 


900 


87.4 


9.7 


126 


900 


91.7 


10.2 


100 


900 


99.8 


11.1 


78 


900 


118. 


18.2 


66 


900 


188. 


14.8 


88 


900 


160.4 


16.6 


20 


900 


164. 


17.1 


4 


900 


- 174.6 


19.4 


Constant, 106 


800 


29.4 


9.8 




600 


60.6 


mi 




760 


91. 


12. 


100 


1,160 


126. 


11.2 




1.600 


178. 


12. 




2,200 


806. 


14.4 


94 


8,780 


488. 


18.2 



The brake rigging takes a number of forms, the inital effort being given by 
the motorman through a brake handle on the wheel, which wraps a chain around 
the brake staff. In some cases the brake staff has a pinion which engages in a 
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RBCORD OF CAB 



Matsbiai.8. 





Wefebtof 
Cars. 


Mileage of 
Wheels. 


Mileafireof 
Shoes. 


Stops per 
mile. 


Gradients 


8 
9 


.So.Recordtiatall 
12 to 22000 


Abt. 226000 


Abt. 76000 




Ashignas Wi 
ftplentyofthem 




10 
11 
12 




















9% heaviest 










18 












14 


Abont 12000 
16000 

4 to ^ tons 

12000 

Cab.7S0O 
E. 14500 

6 to 8000 

4 to 5 tons 

Abont 6^ tons 


26000 to 80000 
86000. 

20000 to 60000 
66244 

4000O 

Abt. 40000 








15 


8000 

4to7000 
4864 

7000 

Abt 12000 




Not over 7>^ 

8to6^ 

Level 

0tol2>^ 
Highest 2^ 


16 

17 

18 
19 


Abt. 10 
perm. 
5 perm. 

SpernL 


20 




21 


80000 to 82000 






92 




Very fre- 
quent 


One of 10>^ 

8to9X in placet 

6>tf 

Abont level 

Oto9>tf 

Abt.l^<?^ 
5^ heaviest 


28 








24 
25 
26 

n 


7 to 8 tons 

12 to 16000 

5 tons 

4to6000 

Cab. 7000 
E. 16000 

11000 

20000 

C^tons 

ibooo 

Ho. 16000 
Trail 6000 

8to9ton8 

8tonB 


One year 

80000 to 40000 
Not worn ont 
but flat in 5 
years 
One year 

8SO0O 
27000 

46888 

80000 

20000 to 24000 
Abt. 86000 


9000 

StoTOOO 

6000 
2to8000 


Very fre- 
quent 

Not fre- 
quent 

5 to mile 

Every 800" 

Asusnal 
in cities 


28 
29 




80 


4500 

10 to 14000 
1600 




81 
88 

88 

84 
85 


Every 500^ 
20 perm. 


Not over 2J^ 

4tollX 

8to7>^ 

Max.8V 

7X 


4000 td 30000 
86000 


Comp. 20000 C. 
1.8 to 10000 

45000 


Usual in 
cities 

7tom. 
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WHBEUS AND BBAKB SHOES. 



No. of 

Track 

Patterns. 


Shoe 
Patterns. 

No. 
Hangers. 


Shoe 
Patterns 
Separate 
Hangers. 


Stand 

Shoe 

Wanted 


Stand Shoe 


4 Brill 




1 




Yes 




, 




Present 


1 


• 






practice 


1 










5 01 6 








Yes 


8 


6 




Not 

possible 

Yes 


Yes 


8 






2 








% 




8 

1 

1 


Not 

possible 


Yes 


1 






1 






Yes 


2 Brill 




Yes 


2 








Yes 


% 










8 


1 


8 




Yes 


8 




Yes 


4 


% 

8 


1 
8 




Yes 







Yes 


4 




Most em- 


4 


8 


2 

Loop 

bolSIPto 
brake bar 

1 

1 
1 




phatically 
Yes 


leach 




Dnrable bnt 


railway 

% 






hard to keep 
good fit 

Yes 


4 






Yes 


1 






Yes 


1 

1 


1 




Yes 


All 

1 

8 




Yes 


% 


1 




Yes 


8 


Tea 


Yes 



Shoes wear down to W in. 
thickness or less beiore 
giving out. 

Shoe interior and flt stand- 
ard hanger. 

Shoes fromBemIs Co. only. 



Use shoe as made by track 

mannfactorers. 
eojf chilled iron, 2O3C soft 

Lappin. 
Chilled iron in shoes. 

Hard iron shoe to brake o« 

tread only. 
fm ioft I; C. I. with wood, 

also with steel pings. 
Medium C. I. 

Congdon shoe (cast steel 
plags in C. I.) 

Soft iron and wood, Ul-flt- 

ting hangers. 
Ordinary C. I. shoe. 

Chilled 1. shoes, 2 patterns. 

Soft I. with wood plags. 

Soft iron shoe. 

Have nsed soft I. A hard I. 

and iron and wood pines. 
Have nsed soft I. & hara I. 

with wrot. plugs & wood. 
Same as 26 above. 



Prefers hard I. Thinks soft 
I. wears wheels faster ti>au 
hard I. Impossible for one 
shoe to suit all Ky. men. 

Congdon shoes. 

0. 1, with wrought I. plugs. 

McOuire type shoe, chilled 

Hard C. I., 4 steel segments 
8 ins. apart. 

Soft C.I. and same with 

wrought I. plugs. 
Soft C. I. and comp. shoe. 

Soft C.I.;hard0.lMO.L 
with wood plugs, wood 



4IO 



ELECTRIC RAILWA Y HAND BOOK. 



dl'l^^^:^ 




(©' 



'>^ 






ELECTRIC RAILWAY HAND BOOK, 



411 



gear, to which is attached a sprocket through which the chain is wound; this 
pulls the brake rod attached to the end of a brake lever which is connected to the 
brake beam by which the shoes are forced against the wheel. There are a number 
of 'adjustments for the stretching of the brake rod and the wear of shoes. Tlie 
brake rigging has to be so aligned that there will bo no cramping of the brakes 
when the equipment passes around curves. 

In the Price Momentum Brake, instead of the brake staff directly transmit 
ting the power necessary to draw the brake shoe against the wheel, the brake 6ta£F 
is connected to a clutch. This clutch actuates a drum which winds the brake chain 
around the car axle and pulls the brake shoe against the wheels. Fij^. 801 shows 
the general construction of this arrangement, the end of the brake chain being 




Fig. 804.— standard aib brakk fob double tbuck cars. 



attached to the drum sleeve on one of the axles. This drum is not keyed to the 
axle and does not turn with it except when a stop is to be made. By a series of 
levers the edge of the drum, which is in the form of a disc, is then pressed at^ainiiit 
a corresponding disc on the inside of the car wheel. Between the two discs is a 
leather washer to take up the wear. The friction caused by pressing the drum 
against the car wheel causes the former to revolve, winding up the chain and 
setting the brake. 

Auxiliary power brakes may be actuated by compressed air, or the current 
generated by the motors. In air brakes the compressed air may be stored or pro- 
duced by an axle drum or motor driven compressor. The Magann storage systen> 
is shown in Fig. 802. The compressed air is produced by one or mr re steam or 
electric air compressor plants located at the power stations or car houses, where 
there are large storage tanks and drip tanks connected therewith to eliminate 
moisture. The pressure carried is generally 800 lbs. per square inch. From the 
storage tank the supply pipe is taken to some locality convenient to charge 
the reservoirs carried on the cars, which have an aggregate capacity of 20 to 
S5 cu. ft. The air is first reduced to a pressure of 20 to 50 lbs. per square inch. 
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by a redacing yaIyo according to tonnage and operating conditionB, before it 
reaches the auxiliary reeervoir, f rom which the brake cylinder is supplied throngh 
the controlling valYe under the hands of the motorman. From 400 to 600 stops 
can be made without recharging. 

The axle driven compressor has the compressor pump geared to one of the 
car axles, and an automatically controlled valve, by which it keeps the reservoirs 
charged. The electrically driven compressor has an independent motor with an 
automatic switch, actuated by the initial air pressure so as to throw the motor in 
and out as the pressure rises and falls between fixed limits. The general arrange- 




Fie* 806.~]aTHOD oi* appltino standabd aib 

TSAOnON TRUCKS. 



BBASBS TO MAZnCUX 



ments on the car of the Ohristensen electrically-driven compressor and brake 
are shown in Fig. 808. 

Fig. 801 shows the Standard Company^s method of applying the air cylinder 
to double truck cars. Fig. 806 shows methods of applying the air cylinder to 
maximum traction trucks. 

THE MOTOR EQUIPMENT. 

As long as the insulation is maintained the current through the motor follows 
the proper paths and the motor can be operated. Temperature, oil, moisture, as 
well as time, all tend to depreciate the insulalions on these conductors. A prac- 
tical limit to heating is the ability of the varioas materials used for insulation to 
endure the high temperature without perishing or losing their insulating quali- 
ties, and in order to obtain a long life from a motor its temperature should not 
rise 40 degs. Gent, or 70 degs. Fahr. above the air. This brings approximately the 
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ultimate temperatare of the motor to 88 deg. Cent or 148 degv. Fahr. in rammer, 
And to 64 degs. Cent, or 129 degis. Fahr. in the winter, under working conditions. 
A motor raised above these temperatures will gradually carbonize the inralating 
material between the coils on the armature and the body of the armature, as well 
as between the field coils and their cores. 

The cotton insulation and covering on the windings will become charred, and 
the stress to which these windings are submitted on opening the motor circuit 
by the controller, will tend eventually to pierce them and break down the insul* 
ation. With the exception of the mechanical wear on the commutator and Ui« 
bearings, the whole problem of motor repairs is one of successful inralation« 

CARS AND BEPAIB OF MOTOBS. 

The Fields.— The fields of all railway motors are wound with double cotton 
covered wire. There is a new wire insulated first with asbestos and then cotton 
over this; the advantage of this double insulation is that if the cotton becomes 
charred the asbestos will still offer sufficient resistance to prevent adjacent layers 
of wire from short circuiting oat the turns around the field. The field windings 
for each of the railway motors generally used will be found under data for each 
motor. The general precaations to be used in winding are common to all of them. 
Some motors reqaire the field to be wound on forms, and other methods of design 
have a field spool on which the wire is wound directly. In both cases it is advisable 
to varnish each layer of wire. Shellac has been advised for this purpose, but it is 
nearly impossible to dry ont a coil thoroughly which is filled with shellac, and the 
oxidizing of the alcohol tends to carbonize the cellulose in a cotton winding, and 
in this way it neutralizes the good effect that might result from the lacquer. 
Never use wood alcohol for this purpose, it is deliquesent, whereas grain alcohol 
will maintain the insulation resistance. 

In some cases it is advisable to wind the field coils dry and dip into an 
insulating varnish and hang up to drain and dry ont. If the field coil is warmed 
before it is dipped into the varnish, the varnish will soak completely in and 
fill all interstices with a good insulator which will prevent the entrance of 
moisture into the coil. After this treatment the coil is insulated and different 
manufacturers advise different methods, but to cover the coil first with mica or 
micanite and overlap this medium so that there are no seams left, and then tape 
this over with two layers of adhesive tape, and over this cover with canvas, and 
finally paint with some gooil air-drying asphaltic insulating varnish, is one of the 
approved methods of insulation. This treatment requires that the field coils be 
baked before they are used, so as to thoroughly dry out all the solvents used in 
the insulation. 

Where the field coil is wound directly upon a core it should be thoroughly 
insulated with mica, canvas and duck, and the edges of this insulation should 
project beyond the field coil so that they can be lapped over after the field coil is 
completed, and over the overlapped insulation should be wound adhesive tape in 
the same direction as the winding of the wire. This should then be painted over 
with asphaltic varnish. The field terminals or lugs which project from the surface 
of the core should be specially insulated, since this is the point where moisture 
enters the field coil. The tape should be brought up close to these lugs and the 
wire leading from them should be well taped before the insulation is put on the 
field coil. This point should be well treated with varnish and paint. In a few 
types of motors the field coils are farther protected by being encased in sheet 
copper. — . . _- 
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A well insulated field coil should stand the following test: 

It should lie in an inch of water for ten hours without its insulation falling 
below 400,000 ohms. If placed on the pole piece, a difference of 2,000 volts between 
the field winding and the pole piece, or the field winding and its spool, should not 
break down this insulation. The field spool should be maintained at 140 degs. 
Fahr. for 10 hours without the insulation resistance of the coil falling when again 
cooled. It IS well to apply these tests, when using any new material for insula- 
tion, on several field coils before it is adopted, as there are many proposed insu- 
lating compounds which are seriously impaired in their usefulness when main- 
tained for a length of time at an elevated temperature. This condition of 
temperature arises in practice when the motor is subjected to an overload or an 
improperly handled controller. 

The Armature.— The break-downs of a street railway armature are caused 
by heating, flashing at the brushes, and rubbing of the aimature body on the field. 
Oil and water form the principle external troubles, and crosses, grounds, open 
coils, short circuits and grounding of commutator are the principal internal 
troubles. As the heating of an armature tends to carbonize and destroy the 
vitality of the insulation, as soon as this insulation has fallen, a treatment should 
be given the armature which will again restore the insulating qualities, and the 
following methods can be used in order to accomplish this result. The armature 
should be first put in a bake oven, the temperature not being over 120 dogs. Fahr. 
Passing a current through the armature in order to dry it out does not give good 
results in practice. If there are any leaks or moisture in the armature, it tends 
to set up internal electrolysis, which again impairs the vitality of the insulation. 
After the armature has dried in the oven for two or more hours, and while still 
warm, paint with thin air-drying asphalt compound, P. & B. paint. M. I. G. paint, 
Sterling varnish or shellac. Trials have to be made on these different compounds 
to find out which gives the best results with the special insulation used' for insu- 
lating the armature body and coils. Where there is much paper or cellulose insu- 
lation, an asphaltic varnish generally gives the best results; with mica and cloth, 
varnish or shellac gives the best results. Never use anything but alcohol to mix 
the shellac; wood naptha or wood alcohol gives very poor results. When using 
shellac do not have the armature above 90 degs. Fahr. and treat several times. 
After the final treatment bake the armature for 4 hours at 150 degs. Fahr., bring- 
ing the temperature gradually up to this point. The armature should be turned 
several times during this baking, in order to allow any free solvent to run and 
dry out. The heads or any covering over the winding should be taken off for 
tMs treatment. Of course splines should not be removed. 

The above treatment is useless unless the armature is first heated, since, if 
cold, the treatment will only be superficial, whereas if the armature is hot and then 
allowed to cool, the insulating compounds will be drawn in and impregnate the 
whole insulation. A carbonized insulator if impregnated with insulating com- 
pounds will break up as a partial conductor. 

Flashing at the brushes, due to short, broken or weak brush springs, or short- 
circuited rheostats, will cause sufficient arcing to burn through tbe heading of 
the armature. These heads as a rule do not afford sufficient protection from 
tbis source of trouble. A layer of asbestos paper between two layers of canvass 
on the head will greatly strengthen this weak point. This fiashing across from 
the brush to the winding, causes a bucking of the motor, which, if not cut oat 
immediately, means considerable damage to the armature. Fields are often 
broken down from this same cause, and a rigorous brush inspection results in 
reduced motor repairs where the breakdowns are caused by flashing. 
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The striking of the armatare against the field in a toothed armature bends 
the teeth over and they pierce the insulation on the armature coil. Several types 
of motors have been designed in which the armatui-e bearing has been too small 
and improperly proportioned, and it is only by very close inspection that the arm- 
ature can be kept in proper alignment. The position of the armature should be 
midway between pole pieces, for if there is any looseness in the bearing, the 
stronger magnet will pull it towards that pole piece and the direction of the 
movement of the car will tend to throw it against the rotation of the pinion. 

The internal troubles of an armature are generally evident npou external 
examination, after they have crippled the armature. Flashing at the commutator 
may be caused by carbon dust on the commutator bead ring or carbonized oil on 
the commutator surface. There is also a commutator bead ring used which Is 
carbonized when an arc passes over its surface; it has a low resistance and forms 
a partial conductor. This material should not be used directly in contact or 
slipped directly over the commutator bars. Several strips of mica should be 
bound around the commutator bars, and the ring then slipped over these. 

Where an armature tests low to ground, this bead ring or commutator ring 
should be first wiped clean of all carbon dust and oil, and the ground, if caused by 
leaking over this surface, will sometimes be removed in this way. 

In cases of emergency where an equipment has to run and still there is a 
ground on the armature which cannot be removed, and the coils are burnt out, a 
motor can be made to operate (where there are not more than three coils affected), 
by cutting these coils out entirely and plugging these commutator bars together. 
This is best done by soldering the cars together or putting in a jumper: sometimes 
a hole is drilled between the bars and a brass plug driven in. It should always 
be remembered that where one end of a coil is cut out from a commutator bar, 
the other end of the coil should also be cut where it connects to the symmetrically 
located commutator bar. The distance apart of these two commutator bars will 
depend upon the number of armature coils and the method of winding the arma- 
ture. The armature should not be allowed to run in this way any longer than is 
absolutely necessary, since this armature will take more than its share of the load, 
if worked in parallel with another motor on the equipment, and will lead to exces- 
sive heating which will surely destroy the insulation after a short service. 

Machine wound coils are largely used, and they are furnished already insu- 
lated with two layers of cotton on the wire, and taped with a double layer of oil 
silk and from 1^ to 2 layers of insulating tape, so that their insulation is amply 
reinforced at the weak points in windings. The weakest point in an armatui-e 
body is where the turns leave the slot; if there is any movement at all in the coil, 
it will wear through or abrade at this point and break down. A combination of 
mica and fibre paper formed into a strip at least as wide as the band or heading, 
should be forced in at this point and project outside of the slot at least ^ in ; the 
coils should be driven down into the slot and protected from the iron tooth at 
these points by this strip of insulation. Complete troughs of micanite are some- 
times used with good results. Paraffin can be used where these coils slip in 
hard. After the first layer of winding is on the armature, the insulation between 
the first and second layers on the commutator end should be several thicknesses 
of canvas and mica. 

DATA ON WESTINOHOVSE MOTOBS. 

Westinghonse Motor No. 3.— Speed at full load, 800-850 rev. Rated 
horse-power, 20-25-30. Reduction ratio, 3.45. Gear, 18 teeth on pinion, 62 teeth 
on gear; 4 poles; 4 field coils; 782.4 turnn, total of 4 coils. Size wire 150x 15( 
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FiCM. 814, 815, 816.— DiiiENSioirs or westinghousb mo. 49 motor. 
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'Wcsttnifltoiue Motor No« 49«— Bednetion ratio 4.88. Gear, 14 teeth «b 
pinion, G8 teeth on gear; 4 poles; 4 field coils. Armatiue bearings : commntator 
bearing, 2^1 ins. x 6 ins.; pinion bearing, 29^ ins.x7^ ins. Weight, 488 lbs. 
Diameter 18^ ins. ; length (^ ina. See Figs. 814 to 816 for siaes of this motor. 

IRTeatinghonse Motor No. 56.— Bednction ratio, 4.86 to 8.56. Gear, 14-18 
teetti on pinion, 66-64 teeth on gear; 4 poles; 4 field coils. Armature bearings: 
commntator bearing, 8 ins. z t% ins. ; pinion bearing, 7^ ins. x 8^ ins. Weight 
720 lbs. Diameter, 14 ins.; length, 12 ins. See Figs. 817 to 819 for sixes of this 
motor. 
\ 

DATA ON NEW WESTINGHOU^E RAII.WAT MOTOBS. 

'Westinghoose No.' 68.— Bated horse-power 40; gear ratio 4.85; pinion has 
14 teeth; gear has 68. Four poles; 4 field coils. Armature diameter 14 in ; 55 
slots; 110 colls; 109 commutator segments; armature beartugs— commntator end 
8^ in. X 6^ in., pinion end, 8 in.x 7^ in.; maximum diameter of axle, 49^ in ; 
weight of armature 506 ibs. ; weight of motor complete, 1,960 lbs. 

TVestinglioase No. 69.— Bated horse-power 80; gear ratio 4.85; pinion 14 
teeth; gear 68. Four poles; 4 field coils; armature diameter 18 in.; 85 slots; 106 
coHb; 105 commutator segments; armature bearings— commutator end 2^in. x6 
in., pinion end %\ in. x 7 in. ; maximum diameter of axle, 43^ in. ; wei«;ht of arma- 
ture 885 lbs., weight of motor complete 1,620 lbs. 

Westingliouse No. 76.— Bated horse-power 75; gear ratio 2.41; pinion 84 
teeth: gear 58. Four poles; 4 field coils; armature diameter 103^ in.; 89 slots; 
117 coils; 117 commutator segments, armature bearings— commutator end Z)i in. 
z 8 in., pinion end 8^ in. x 9 in. ; maximum diameter, axle 6 in. ; weight of 
armature 850 lbs; weight of motor complete, 8,835 lbs. 

Westinghouse No. 89.— Bated horse-power 76; gear ratio 2.86; pinion 82 
teeth; gear 52. Four poles; 4 field coils; armature diameter 153( in. ; commntator 
has 117 segments; armature bearings— commutator end, 3fi in. x 73( in., pinion 
end Z% in. x 9 in. ; maximum diameter of axle 6^ in. ; weight of armature 995 ibs. ; 
weight of motor complete, 4,000 Ibs. 

Westinghouse No. 89.— Bated horse-power 50; gear ratio 2.80; pinion 86 
teeth; gear 60. Four poles; 4 field coils; diameter of amature 16^ in.; com- 
mntor has 135 segments; armature bearings— commntator end, 3 in. z 6^ in., 
pinion end ZM in. x 7^ in. ; maximum diameter axle 5 in. ; weight of armature 650 
lbs. ; weight of motor complete, 2,560 lbs. This motor can be used on a minimum 
gauge of 8 ft. 6 in. 

Westinghouse No. 101.— Bated horse-power 40; gear ratio 2.81; pinion 22 
teeth; gear 62. Four poles; 4 field coils; diameter of armature 14 in. ; commutator 
has 111 segments; armature bearings — commntator end 8^ in. x ^« in., pinion end 
8^ in. x83^ in.; maximum diameter of axle 5 in.; weight of armature 585 lbs.; 
weight of motor complete, 2,400 Ibs. 

Westinghoase No. 99.— Bated horse-power 85; gear ratio 8.66; pinion 18 
teeth; gear 66. Four poles; 4 field coils ; diameter of armature 18 in. commutator 
has 128 segments; armature bearings— commutator end 3 in z 63^ in., pinion end 
8 in. z 734 in.; maximum diameter of axle 5 in.; weight of armature 476 lbs.; 
weight of motor, 1,940 lbs. 

Westinghoase No. 93.— Bated horse-power 50; gear ratio 8.57; pinion has 
19 teeth, gear 68. Four poles; 4 field coils; commntator has 185 segments; arnuu 
tnre bearingn— commntator end, 33^ in. z 6^ in., pinion end 8^4 In. z 8^ in.; 
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maximum diameter of axle 5^ in.; weight of armature 778 lbs; weight of motor 
2,935 lb». 

Wesiing^house No. 01 A. C— Rated horse-power 7S; gear ratio 3.1; pinion, 
aO teeth; gear 6i. Four po'.cs; 5 field coIIa; the laminated field consists of circular 
Dunchings with inwardly projecting poles, support in an outer frame of cast st %1. 
The armature ii of the slotted drum type with a commutator, and is wonnd like a 
direct current armature for 225 volts, and a frequency of 25 cycles. Speed at full 
loAd approximately 700 r. p. m. Motors are connected as straight series motors. 

DATA ON OENERAI. EI^CTBIC MOTORS. 

O. E. 54 Motor.— Bated horse-power, 25. Speed at full load, 600 rev. 
'Reduction ratio 4.78. Gear, 14 teeth on pinion, 87 teeth on gear; 4 poles; 4 field 
coils ; 128 tnrns, total of 4 coils. Armature has 29 slots, 24 conductors per slot; 
number of bands, 6. Commutator bars, 115. Armature bearings : commntator 
bearing, 6 ins. z 2^ ins. ; pinion bearing, 79| ins. x 2$^ ins. Weight, 880 lbs. 
Diameter of armature 11.5 in,; length, 9 ins. 

Armature coils are slung 7 slots. Short leads go to the right. Begin to 
connect where center of bar (No. 1) lines up with center of a slot (No. 1). Connect 
lead from third coll from bottom of this slot into bar No. 16 to the right. The 
long lead of same coil should be connected into bar No. 48 to the left One of 
the middle coils in slot No. 16 to the right should not be connected. 

G. E. 67 Motor.— Rated horse-power 88. Speed at full load, 525 rey. 
Reduction ratio, 8.94. Gear, 17 teeth on pinion. 07 teeth on gear; 4 poles; 4 field 
coils; 110.5 turns, total of 4 coils. Armature has 37 slots, 18 conductors per slot; 
number of bands, 6. Commutator bars. 111. Armature bearings: commntator 
bearing, 2^ ins. z ^ ins.; pinion bearing, 8 ins. z 8 ins. Weight, 575 lbs. 
Diameter, 14^ Ins.; length, ^ ins. 

Armature coils are slung 9 slots. To connect draw a line through armature 
core (slot) over the top end of coil, and note where the line strikes commutator. 
Including this bar count 15 bars to the right and designate that bar as No. 1. 
Connect short lead of middle coil to bar No. 1. Long leads go to 56 bar to the 
left facing commutator counting from No. 1 to the left and counting No. 1 bar 
as the first bar. 

O. E. 73 Motor.— Rated horse-power, 75. Speed at full load, 465 rev. 
Reduction ratio, 4.28. Gear, 17 teeth on pinion, 72 teeth on gear; 4 poles; 8 field 
coils 80 turns, 2 field coils 40 turns. Armature has 89 slots, 12 conductors per 
slot. Commutator bars 117. Armature bearings: commutator bearing, 8|^ Ins. 
z7H ins.; pinion bearing 8^ ins. z 10 ins. Weight* of armature, 1,150 lbs. 
Diameter of armature 18 ins. ; length, 1(^ ins. 

O. E. 66 Motor.— Rated horse-power, 125. Speed st full load, 540 rev. 
Reduction ratio 4.28. Gear 17 teeth on pinion, 72 teeth on gear; 4 poles; 2 field 
coils 56 turns, 2 field coils 29 turns. Armature has 89 slots, 10 conductors per 
slot; number of bands, 11. Commutator has 195 bars. Armature bearings: com- 
mutator bearing, 89^ ins. x 6 ^ Ins.; pinion bearing, 4 ins. z 10 ins. Weight of 
armature 1,800 lbs. Diameter of armature 18 ins. ; length, 1^ ins. 

O. E. 55 Motor.— Rated horse-power, 160. Speed at full load, 680 rer. 
Iteduction ratio, a 29. Gear, 17 teeth on pinion, 56 teeth on gear ; 4 poles; % field 
eolls 54 turns, 8 fieild coils 26 turps. Armature has 47 slots, 6 conductors per slot; 
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number of bands, n. Commatator ban, 141. Annatu re bearings: commutator 
bearing 8^ ins. x 7^ ins; pinion bearing, 39^ ins. x 11 ins. Weight of armature, 
i,525 lbs. Diameter of armature, 17^ ins. ; length, 15 ins. 

O. E. 53 Motor.— Rated horse-power, 4S. Speed at full load, 480 rev. 
Reduction ratio, 4.6. Gear, 15 teeth on pinion, 69 teeth on gear; 4 ))Ole8; 4 field 
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Fl08. 820, a^l.— DIMBVSIONII OF OINBBAL ELEOTBIC NO. 57 MOTOR. 



coils, 190 turuB, total of 4oolli. Armature has 37 slots, 18 oondudton per slot; 
number of bands, 6. Oommntator bars. 111. Armature bearings: commutator 
bearing, Sf^ ins. x 5^ ins. ; pinion bearing, 8 ins. x t^ ins. Weight of armature* 
0^1bf« piamet«r.l$ inf.; length, 7^ ins. 
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O* S* 57 lI6tor.^Rated hone-power, 60. Speed at full loAd, 640 ley. 
BedncUon ratio, 4411 Gear, 16 teeth on pinioo, 60 teeth on f^ear; 4 poles; 4 field 
colli, iN) tnrms, total of 4 colls. Armature has 87 slots, \% conductors per slot; 
Biunber of bands, 6. Commutator bars, 111. Armature bearings: commutator 
bearing, V^ Ins. x 69i Ins.; pinion bearing, 8^ ins. x 89^ ins. Weight of arnuk 
tore 600 lbs. Diameter of armature, 14 ins. ; length, 12 ins. 

Armature coils are alung 9 slots. In connecting call any slot In which the 
bottom of a coil is assembled slot No. 1 and bar in line with center of this slbt 
bar Mo. 1. The short center lead of coil No. 1 should be connected into bar No. 




FlO. 822.— OINBBAL XLXCTBIC NO. 57 MOTOR. 



Diameter of Axle A 
4 ins. 
W ins. 
4H ins. 



Dimensions of unfinished parts are 
subject to a small variation. 
♦ Weights of pinion and gear change 
with ratio of gearing. 



Weight of motor oomplete without axle gear and case 3632 lbs. 

•• ** armxture and pinion (16 teeth) 704*' 

" " axle gear (69 teeth) 300" 

*' gear case 140 '* 



15 to the right. The long IcmI of coil No. 1 should be connected into commu- 
tator bar No. 42 to the left, counting No. 1 bar same as before. 
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NSW OKNBRAI. EIJSCTRIO RAII.WAT MOTOBS. 

O. K. ftS Motor.— Rated hone-power 87; gear redactions 8.04; pinion 17 
teeth; gear 07. Poor poles; 4 field coils; armature has 88 slots; ]4^ In. 
diameter, 8 coils per slot connected to 09 commutator bam. Armature bearlogs— 
commutator end 21^ in. xO^Vin., pinion end 8 in. x7% in.; weight of armatnre 
488 lbs. ; weight of motor complete 1,805 lbs. ; diameter of azlea 8K In** 89^ in* i^ud 
4 in. 'l^his motor can be used on 80)4 ^^- (01^® meter) gauge. 

O. E. 53 Motor.— Rated horse-power at 660 yolta, 48; gear reduction 8.01: 
pinion 17 teeth: gear 07. Four poles; 4 field coils; armature has series drum 
winding; 111 coils in the 8 and turn machines and 09 in the 4 turn. Armatnre 
bearing- commutator end 8^ in. x 6^ in., pit ion end 8in. x79^in.; weight of 
armature 609 lbs. ; weight of motor complete 2,440 lbs. ; diameter of axles 8|4 in., 
4 in., 4^ in. This motor can be used on 86^ in. gauge and abore. 

G. IS. 74 Motor.->Bated horse-power 66. 



Gear Ratio. 


Pinion. 


Gear. 


4.60 


10 teeth 


78 teeth 


8.08 


19 •* 


70 •• 


8.04 


22 " 


or " 


2.60 


25 " 


04 •• 


2.18 


28 •• 


01 " 



The motor has 4 poles and 4 field coils. The armatnre has 8 coils per slot. 
Armature bearings— commutator end 8^ in. x 89^ in., pinion end 8^ in. x 89^ in. ; 
weight of armature 846 1 bs. ; weight of motor complete 8,119 lbs. ; diameter of axle 
en in. 

G. E. 70 Motor.— Rated horse-power 40; gear ratios 4.78 to 2.91; teeth 
pinion 15 to 22; gear 71 to 64. Four poles; 4 field coils; armature has 8 coils per 
slot; armatnre bearings— commutator end 29^ in. x 7^ i^-i pinion end 8jl^ in. x8^ 
in. ; weight of armature 614 lbs. ; weight of motor complete 2,849 lbs. ; diameter of 
axle A\i in. and 6 in. 

G. E. 60 Motor.— Rated horse.power 27 ; gear ratio 4.78; pinions 14 teeth; 
gear 67. Four poles: 4 field coils; armature h&s87 slots and a series drum winding 
of 111 coils, either four or six turns per coll. Armature bearings— commutator end 
2H in. X 69^ in., and 29^ in. x 7H in- at pinion end; weight of armature 410 lbs.; 
weight of motor complete 1,400 lbs.; diameter of axles 8^ In., 89^ in., or 4 In.; 
this motor is designed for 35^ in. gau^e and over. 

G* E. A. 60 4 Single-phase A. C. Compensated Motor.— Rated 
horse-power 75: field winding so distributed as to compensate for amature re- 
action; motor wound for 200 volts A. C, 25 cycles and 800 volts D. C. Two 
motors always connected in series. Gear ratio 8.74; pinion 19 teeth ; gear 71. 



THE CONTROLLER. 

The controller used with a single motor gradually places resistances in 
series with the motor until the latter is directly connected to the trolley wire, 
when the equipment is up to speed. To change the direction of rotation of the 
armature a reversing switch is used, which reverses the connections of either the 
field or the armature, but not of both. To blow out the arc formed on breaking 
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the circuit at the controller, a magnetic field is need with such polarity that it 
tends to deflect away from the two points on the circuit the arcs thus formed, 
thus sniffing them ont. This apparatus is known as a magnetic blow-oat. 

With two motors the controller has a more extended combination. Some 
of these are shown in Fig. 828 and 324. It first places the motors and resist- 
ances in series and gradually cuts out the resistance. The next few steps on the 
controller are known as transition steps, during which the motors are placed in 
multiple with the resistances again in series with them. The last steps of the con- 
troller cut the resistances out leaving the two motors in multiple across the line. 
In some forms of controller a further connection is made when the motors are in 
series and multiple only which consists of looping around their fields a resistance, 
thus reducing the current flow through the field coils, weakening the field in 
which the armature rotates and in this way increaseingthe speed of the equipment. 

Figs. 828 and 824 show the motor combinations made by some well-known 
K and L controllers. The sizes and dimensions of the G. B. railway controllers 
are given on page 864 and 865. The nomenclature for the different parts of the 
controller is given on page 868. 
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FlO. 8S5.~SEBIBS PABALLBL OONTBOLLBB. 



The figares refer to parts Bhown on accompaoying cat. 

14,642, cap for top of controller; 14,977, star wheel, with pin, for controlling 
cylinder (mnst be fitted): 14,682, contact finger; 14,683, single connection clip; 
14,684, doable connection clip ; 14,988, wood bar for controlling contact board : 14,ftS2, 
contact tip for controlling cylinder; 14,681, contact base; 14,972, frame, fitted with 
bearing caps and cap screws for controlling and reversing cylinder shafts; 14,974, 
insalation disc for controlling cylinder; 14,701, wood base; 14,630, doable switch 
contact; 14,646, hinge bolt, with pin and nat fastening cover to frame; 14,638, 
f ulcnim pillar, with pivot, for two wire connection; 14,629, single switch contact; 
14,641, triple switch handle; 14,638, oater switch blade; 14,6a8, falcram pillar, 
with pivot, for one-wire connection; 14,961, water cap and pointer for controlling 
cylinder shaft, with set screw ; 14,648, lock bolt with pin (ased in connection with 
check lever for reversing cylinder) ; 14.978. check lever, with roller for controlling 
cjiinder; 14,623, check lever, witn roller for reversing cylinder; 14,678. water cap 
for reversing cylinder shaft, with set screw; 14,636, fulcrum for 14,634; 14,689, 
inner switch blade; 14,6^5, single switch contact and binding post; 14,921, 
fitirtty stop niit, with pin, for controlling cylinder; 14,698, binding post, 
mflrlied (*'T'*); H69rH hludiHB: post (except that marked "T"); 14,640. double 
Bwiich hfltidle: 14,tt96, ain^Je switch contact and lone; binding post; 14,636, bent 
cam lever for 14,634 ; H.9til, »af yty stop pin for controlling cylinder; 14,963, bracket 
fatiteniui; coutrolter to daaher; 14,647, wire guard; 14,939, cap screw, with wrench 
attached, fastening pole piece to magnet core; 14.998, star wheel, with pin, for 
rev«rainf]f or Under; 14,693, short contact for reversing cylinder; 14,693, long con> 
tact for reversing cylinder; 14,687, contact base; 14,688, contact finger; 14,OB8« 
wood bar for roveralng contnnt board; 13,804, doable washer for 13,869; 14,600, 
wood body for revereing cjUnsi'jr; 14,992, wide strip for arc deflector; 14.993, nar- 
row ^ti I p for arc deflector; 14.094, division plate for arc deflector; 14,990, hinge 
pole piece; 14,938, hinge joint for pole piece; 14,700, magnet spool, with terminal 
and flexible lead (Form S); 14,64 i, hinge joint for cover, with pin and rivets; 14,64!^ 
blotted lug for cover, with rivets; 14,699, sheet iron cover (Form 8), complete; 
16,929, nver«ing handle; lfI,9JJ:, controlling handle. 
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MinLnn.K usit cohtboi^ 

TheSpngoa Geoenl Sledrie Tjrpe M oootrol is designed to opente a tnim of 
motor and tnO can m a afni^le aait froai anj controller on the train. The 
appaiatoe for each noCor car consists of a motor controller and a master con- 
troller. The master controller operates a number of electrically controlled 
switches, or **contaeCon,^ nsnaDj located under the car, which doee and open 
the different motor and resistanoe circnits and an electricall j opeiated *' leyerser '* 
which changes the connection of the leads of the motors to reTcrse the direction of 
movement of the car. 

Both contscton and le i eis e i sre controlled b j solenoids from the master con- 
trcdler. Bsch motor and trail car Is equipped with a train cable containin ? nine or 
ten separately insulated conductors ending in corresponding contacts In coupler 
sockets at each end of the ear. This cable Is also connected to the master con- 
troller Angers at each end of the car and to the contactor and rererser coils in 
exactly the ssme manner in each car. The cable is made continuous throughout 
the train by electric couplers between cars, connecting together corresponding 
terminals in the coupler sockets. 

As the motor controller operating coils are connected to this control train line 
it will be seen that energizing the proper wires by means of any master controUw 
on the train will Mmnltaneoosly operate corresponding contactors on all the motor 
can and thus establish a similar resistance motor connection. 

The contactors from the master controller are actuated in the following order 
for the different acceleration and running steps. 



Series Besistance Contacts. 



Position. 


ConUct No. 




1»2,8»11 




5 




6 




7 







Series running position all reslstaaos 

out both motors in series. 10, 0, 8 

Multiple resistance contacts with 

motors in multiple. 6 18, 19, 4, 91 

7 0,b 

8 7 
• 

Aultlpleraiming position. 10 X0,0 

For the resistance combinations made by the cpntroUsr see 7lg. 896a. 
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Fig. 825 a. 
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CAR WIRING. 

The roof wiring inclndes the running of the main circuit wire from the trolley 
through both main motor svvitcheB, and through a concealed groove in the comer 
poBt of the car. The size of this wire is giren by the different companies for their 
motors. The wire is run to a suitable location for connection to the lightning ar- 
rester and fuse box, also a lamp circuit of No. 16 B. & S. stranded is tapped to wire 
the trolley connection on the roof and carried to the fixture outlets and the end left 
to attach to the ground. Where the wires lie on top of the roof » they should be 
covered by molding which is well painted to exclude any moisture, especially so 
where the wires pass through the roof. Additional protection of a piece of canvas 
under the molding, which has been thoroughly painted with white lead, is neces- 
sary at this point. The molding should be firmly screwed down to the roof and 
well painted. The above wiring should be done, if possible, while the cars are 
being built. 

The floor wiring may be done after the car is completed without injuring the 
finish when the body and truck dimensions of the car are given. The different 
motor companies will furnish a made-up cable having the proper number of wires 
taped together or covered with hose, and of proper length to reach from the con- 
trollers to the motors. A hole should be made in the platform under the controllers 
for the cable to pass through, and in the case of closed cars the cable should pass 
up again underneath the car seats. In the case of open cars all the wiring is done 
under the car body. The cables that pass under the platforms should be supported 
by leather straps attached to the floor or sills. The ground wiring should run 
under the car floor rather than under the seats. 

After the cable is in position the motor taps should project through the sills 
for attachment to the flexible motor leads just far enough to permit an easy con- 
nection, and with as little chance for vibration as possible. The cables should 
never be bent at a sharp angle. The joints should be well soldered, and in the 
case of connecting stranded wires together, the strands should be interwoven 
before soldering; flrst tape with insulating tape and then put a rubber tape over it 
to secure the flrst tape in position. Wherever the wires of the car cross each 
other a piece of wood should be secured between the wires, and special protection 
and additional covering should be given the wires where they pass over iron work 
or are exposed to mud and water. 

Wires entering fuse boxes or lightning arresters should be looped down before 
entering, in order to prevent water running along the wire and into the box. All 
wires subject to vibration, such as those between car bodies and motors, should be 
of flexible cable, and suflicient slack should be left so that under no condition will 
any strain be thrown on these wires. In the case of swiveling trucks, more slack 
will be necessary. As slack gives great opportunity for abrasion, care should be 
taken to leave only what is absolutely necessary. 

TH£ MOTORMAN. 

The old saying, that *» Trifles make perfection, but perfection is no trifle," 
applies to the street railway service as to every other undertaking. It is only by 
giving the best attention possible to every detail in the complicated system that 
perfect results are obtainable, both in economy and efficiency of operation. From 
the general manager to the switchboard tender and the man who fires the boilers, 
each employee has an important part to play, an,d it is only by a thorough under- 
standing of his duties that he can render effective service. It is for the purpose of 
-ing a few practical suggestions to the motormen that this section has been 
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, 2B wUckBo tectaical tenv kaw beea «Md tet ncii aa any ] 
wiwnet tatdliffmoe can eanly etaqi. 

T^e «l»iect of dief conoeni to tlie motocvait is flie coatroner, for^ it Iw c»a 
petf ectlj aMMf^ that, he nay be said to anderstaad a iai^ put of his woi^ 
When the car is standiBgr etilL the eoBtrolliiiir handle ahoald be at <* off *> |K^^ 
If the tax is to be taloen oat of the car hoose, where it has been etudii^^ with t)>e 
tiollesr oC. pBt on the trcriley wheel aad place the handles oa the ooatrorinc stand. 

To start the car, eee that the brakes aie oC, tiie canopy switches dosed ; then 
more the controller handle to the first notch. Afto- the car is well started, nioT« t'O 
the second notch, and after a short time to the third, and so on to the last. I>on^ 
stop the handle between notches, and don^ moTC it too slowly. On the other 
hand, do not move too raiadlj from the ftret notch to the second. Alwa^-s wait for 
tlie car to get np to the speed corresponding to the notch the contro))^ handle is 
on before going to the next notch, otherwise more current will be nsed than te 



In shutting off the corrent the handle may be moved around as rapidly as de> 
■iied to *' off *' from whatever position it may happen to bo on. When stopping at 
a^j point, the reverse lever is sometimes nsed to make the car go backwaida. 
Never reverse while the car is mnning, unless to avoid an accident. But if it ts 
absolntdy necessary to stop the car quickly, poll the brake on with the right 
hand and shut off the cnirent with the left at the same time; then, with the right 
hand free, throw the reverse lever and torn on a verv little current. If too much 
cnnent is turned on, the wheels will lose their adhesion to the rails and spin back^ 
wards, which will increase the minmum di;^tance in which the car may be possibly 
stopped. 

Sometimes a very violent stop must be made, when the brak«« fail, possibly^ 
or the trolley comes off, in which case reverse and put the controller handle on the 
highest point of the controller. This causes an interaction between the motors 
which brings them to a standstill. It may damage the apparatus, however^ and 
should only be nsed in rare emergencies ; this method is only available when twx> 
motors are on the car. 

When approaching curves or turnouts the power should be turned off, apply, 
ing such power upon reaching the curves as may bo necessary to carry the car 
easily around. The conductor should be on the rear platfonn with the trolley rope 
in his hand, ready to give the signal in case the trolley jumps the wire, In which 
case the motorman should move the controller handle to ** off *» until he is notifted 
to gd ahead. The motorman should never stop on curves unless absolutely 
necessary. 

In running down grades, always have the trolley on the wire, the controller 
handle at " off ", and the brake arranged so that it can be applied iusiantly. Be- 
fore going down a sleep grade slow up the car, and set the brakes gradually. If 
the wheels slide, loosen the brakes to allow them to get hold of the track* then 
apply the brakes again. If the brakes then fail, reverse the motors. If, \n the 
meantime, the trolley has left the wire, so that there is no power, reverse and 
throw the controller handle to the last notch, which will make the car come to a 
standstill. 

In running up heavy grades, get the car up to speed, if possible, before reacb- 
ing the grade so that it will not require so much current to climb up. If the car It 
started while on a heavy grade, it will require a very largo amount of current. 
Whether to climb these grades in series or parallel positions Is a qnestiou oh 
which instructions are given In each individual case. If the wheels slip on th*^ 
rails, the sand box can often be used to advantage; but always bo sure, especial? 
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in wet weather, that the sand is dry. Do ;iot use the sand too freely, as yon may 
nm short just when it is needed most. 

If the power c^ves oat, notice if the other cars experience the same troable, as 
it may be dae to an open circuit on the line; if so, throw the controller handle to 
<*off/* close the lamp circuit and wait until the lamps light up. 

If, when the lamps light up, the equipment will not move with the controller 
handle on the first point, the motorman should first look to see whether his fuse 
has blown or burnt out; if so, open the head switch, or, better yet, tie down the 
trolley pole and replace the fuse. 

If the fuse has not blown, the rails may be dirty and the car insulated from 
the rails. In this case have the conductor jam the switch-bar between the wheel 
and rail, while the motorman starts the car. 

In rare instances there is a case of dead rail. A length of wire should be 
kept in the car where possible, and one end placed on the rail back of the car 
towards the power station, and one on any exposed part of the iron truck. 
Always place the end on the rail first, otherwise a shock will be received. 

In case, as the car goes along, a peculiar jumping action occurs, known as the 
bucking of motors, the motor affected should be cut out by means of the motor . 
switches in the controller. Instructions are given the motorman how the motors 
are cut out on each different type of controller. For remedies for more trouble- 
some accidents see " The Inspector " below. 

After bringing the car into the car house have the controller at ** off,** take off 
the controller handles, pull down the trolley and tie it a few inches below th« 
trolley wire. 

TH£ INSPECTOB. 

Sparking; mX Commutator.— Natural sparking will be caused by overload- 
ing of motor, or by burnt-out fields ; by the shifting of brush-holder in street 
railway motors, by not having the brush-holder yoke so as to be at equal distance 
from the commutator on the two sides, or where there are several brushes on one 
arm or holder by their not being in alignment. The most prevalent causes 
of sparking in street railway motors are weak brush springs, or a brush worn too 
short to receive pressure from the spring. Since biushes vary in size they some- 
times fit tightly in the holder and will produce sparking or flashing when worn 
away from contact witb the commutator. The number of bars apart brushes 
should be set on any commutator is the total number of commutator bars divided 
by the number of poles. Subtract from this the number of bars covered by one 
brush which gives the commutator's bars between brushes. A commutator in 
proper order should have a dark bronze color, without any biting away of copper 
at the mica insulation. Where two brashes are used, both should wear down uni- 
formly. No two brushes should be used in the same brash-holder without being 
separated by a solid dividing piece between them, and with separate springs to 
each brush, or they will wear a hollow in the center of the commutator surface. 

In street car motors with a roughened commutator the brashes are taken out 
In some cases, and with a two motor equipment this motor is cut out at the con- 
troller. A piece of wood provided with a handle (see Fig. 826), and having a 
curved surface, forms a useful device for smoothing. It is as wide as the 
commutator, and across the top a clamp to hold sand-paper is screwed down 
by a screw in the handle. The ends are turned over and securely held. No. 1 or 00 
^^ used as required. While holding this in contaot with the commutator th* 
- is run up and down the track untU the commutator shows a polish. If thf 
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eommntator poliehing block ia made shorter, the commutator can be polished with 
the motor operating the car. Some companies nse a hollow stone made from a 
medinm hard Krindstone, hollowed oat to flt the commutator surface, Instead of 
sandpaper. Emery is objected to for polishlnj; commutators for the reason thnt it 
is so sharp that it buries into the copper as a matrix, and in turn grinds the brnshee. 
Commutators that are out of line, or have high or low bars or bad flats, are best 
repaired by turning in a lathe on centers, taking as light a cut as possible in order 
to bring the commutator concentric again. Use a diamond pointed tool, and 
when tbe eat 10 rough lubricate the tool with a thick solution of soap and water. 




Fie. 898.— OOMXUTATOB POLIBHIB. 



It ia the practice where the brush wear does not come to the end of the commuta* 
tor, to leave a small ridge around the commutator at the end next the bearing to 
further preyent flashing to commutator by oil and carbon dust adhering to the 
insulating ring at the end of the commutator. A bluish oxide on a commutator 
shows excessive heating, and the cause should be located. 

The commutator will show a bar burnt lower than the adjacent commutator 
bars when there is a short circuit between adjacent windings connected to that 
bar, the biting into the commutator will continue back in the direction of rota- 
tion. Where this condition is allowed to continue the commutator will come in 
hot, and the contact surfaces of the brushes will be black and scarred when they 
should have a bright plumbago appearance. For locating trouble see armature 
tests. 

Commutators, with every other bar blackened, are found in certain types of 
winding used on railway motors where there are practically two separate windings 
side by side connecting to alternate commutator bars, and the blackening of every 
alternate bar is caused generally by a greater diiference of potential between ad- 
jacent bars under commutation. An open lead to a commutator bar causes 
flashing when that bar passes under the brushes. An open coil on au armature 
will show a bad bar even where this coil is connected in around the armature. 
The equipment continues to operate until the flashing becomes so bad as to 
break the commutator to ground, or bum through the head of the armature. For 
this reason armatures are now headed with several layers of asbestos paper under 
the canvas cover to prevent flashing to ground before the inspector discovers the 
trouble. The grounding of the armature turns produces a short circuit be- 
tween the trolley wire and rail, which, under this condition,, has a sudden 
braking action, commonly known as " bucking/' When this happens the motor 
is cut out at the controller and the equipment operated on one motor until it 
gets to the repair shop. 

The efliciency of the Inspector can be readily determined by an examination of 
the commutators on the equipments he has in charge, allowance being madt tm 
some motors which require great care to keep the commutatora in good ahftp*, 
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Poor potential delivery and dirty tracks alao increase the current flow through the 
motors, heating and baming the commutator sniface, which should be glazed. 
There is a class of dull, steady sparking which leaves dirty black commutators, 
which is generally attributed to too soft or poor brushes. In new equipments 
where the mica segments of the commutator have been built up with too much 
shellac, the heating of the commutator works it out, also causing it to carbonize 
on the surfaces of the commutator. This will continue until all surplus shellac 
has worked out. Commutators afllicted with this trouble will show ridges of 
shellac forced out over the mica insulation between bars. In the morning when 
the commutator hns cooled down, only two or three bars will occasionally show 
it, especially where the commutator has been repaired and shellac used too liber- 
ally in the mica insulation between the new bars. (For proper construction see 
repair shop practices). Too soft a brush will produce the same effect on the 
commutator surface but on feeling the surface with the thumb nail slight ridges 
of mica will be felt between the bars. Try the brush with a knifebiade ; a brush 
should not be shaved nor penetrated, if the brush is of the proper hardness and 
the carbon should coiue off in small granular pieces. This is also true of a brush 
that is too hard. A hard brush will give with regular brush tension a bright 






^ 



FlO. 827.— BXAXPLBS OF OOmfUTATOB WEAB. 



metal and splintered torn surface to the commutator ; and if the brush is uni- 
formly too hard, signs of copper dust will be seen around the interior of the 
motor cage. If rings of bright copi)er show around the commutator the brush 
may have hard spots ; in this case take out the brushes and see if the contact sur- 
face shows a corresponding bright spot ; if this spot is found to be harder than 
the adjacent carbon by penetrating with point of a knife, the trouble is located. A 
commutator without lubrication will show the same surface as that produced by 
too hard a bru^h. Use the best quality of vaselene on a small rag, and use spar- 

niL'ly. Oil is used, and, in some cases, axle grease, for labor saving reasons but 
not to the best interests of the commutator. A brush that is too hard but of uni- 
form density, as well as brushes that squeak, can be improved by dropping them 
in hot paraffin ; but be sure and heat the brush just before dipping, otherwise the 
treatment will be superficial. Hot, heavy lubricating mineral oil is also used 
instead of the paraffin. 

It is the custom on some roads for the inspector to change brushes every night 
on all motors, which insures the inspection of every motor. Brush inspection will 
show a number of things. A brush that shows pitting on its side (see Fig. ttT) 
indicates bad contact with a weak brush spring, requiring the brush to receive cur- 
rent from the sides of the holder and chattering and arcing between the holder aides 
and the brush ; a place broken out of the brush Where the brush spring rests 
ihows a weakness and a variation here, causing arcing and wearing away of th« 

irush. The commutator contact surfaces of the brush which show a ridge down 
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their length, on both sides of which is a commutator surface, indicates a brash too 
narrow for the brash holder, as the commatator has worn it to one surface in 
going in one direction and made another surface in going in the opposite direc- 
tion due to the change in position of the brush with the movement of the comma- 
tator. A brush with burnt comers indicates sparking at the commutator; 
% brush tapering toward the contact surface, as shown, indicates ezcee- 
siTe heating of the commutator or brush due to poor contacts. Brush springs may 
give good results until they become heated from some cause, when they lose their 
elasticity. Phosphor bronze springi show the least effect from this cause. 



THE OENSRAIi EIiBCTRIC SINOI.E PHASE RAHiWAT 
SrSTEM. 

This system as developed operates the single phase motors at about SOO volts 
per motor. The four motor equipments have tbe motors in pairs connected per- 
manently two in series. The static transformers on the car supply 400 volts to the 
motors and receive 9000 volts from the trolley wire. 

The motors are controlled by standard, series parallel controllers with resistance 
and are adapted to run the car when the trolley supply changes from 9000 volts 
A. C. to 600 D. C. It is claimed that there is only a slight gain in efficiency when 
the alternating current is controlled by the variable potential method, and that 
there is not available space on the usual car to place the necessary apparatus for 
both control systems. 

On the Ballston Line equipped by this company, the A. C. trolley wire is sus- 
pended from a % in. steel stranded catenary. The latter is hung over porcelain 
Insulators at the ends of the cross arms and the trolley wire is supported by the 
catenary between poles. 

The position of the A. C. trolley wire is but a few feet above and at the side of 
tbe car roof. The car is equipped with two direct current trolley poles in the 
usual position, and two more at the sides of the roof for the A. C. trolley. Tests 
on this line indicate an apparent trolley resistance of 1.8 times the ohmic resis- 
tance and a rail resistance of 6. 56 times the ohmic resistance due to the inductive 
drop in the rail. 



THSS WESTINOHOUSE SINOi:.E-PHASX: RAILWAY STSTEM. 

In this system, single-phase railway motors are operated by a current of about 
JBBO volts at 26 cycles, obtained through a static transformer carried on the car. 
The trolley current at a voltage of 8800 or more is conducted to the primary of 
this transformer. 

The motors are controlled by the variation of the voltage at the motor term- 
inals. This varying voltage may be obtained by taps from the winding of the 
transformer, or by the use of a controller of th induction type. 

The latter is practically a transformer with a secondary coil which is movable 
with respect to the primary, so that the secondary voltage is varied by a change 
in the angular position of the coil and may either be added to or subtracted -from 
that of the main transformer. 

The motors will also operate on the standard 560 volt direct current with the 
necessary control system added. 
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The high trolley potential necessitates a more substantial line construction 
than has been customary, chiefly on accountof insulation and mechanical strength. 
The catenary form consists of a stranded galyanized steel messenger 01 supporting 
cable from which the trolley wire is suspended at intervals of a few fee , the whole m 
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bdng hnng from heavy porcelain insulators. The trolley wire Is grooved and is 
suspended from the mesbenger cable by means of rigid galvanized malleable iron 
hangers of varying length, so that the trolley wire is maintained at a nearly uniform 
height above the track. 

The messenger cable is connected electrically as well as mechanically to thr 
trolley wire so it acts as an auxiliary feeder. The insulators are of corrugate*' 
porcelain and the system has been developed for pressures up to 6,60Q volts. 



SECTION IX.— THE OPERATION. 



Schedule and Speeds.— It ia usual to lay out schedules on cross-section 
paper, taking the longitudinal ordinates f or the distances, and the verticals for the 
time, as shown in Fig. 828. In this way the routes for cars can he obtained, and 
their crossing points determined. Tliis method is also used for locating the posi- 
tion of switches in single track construction. 

In the matter of speeds, the grades and the time consumed on grades is an im- 
portant element in laying out switching points, or intersecting points, for the 
cars. Data regarding this can be found under *' Line Construction/* or the grades 



Number of Revolutioiia Per Mile for Driving; Wheels of Different 
Diameters. 
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end speeds maintained by eqnipments ; or tests can be made on equivalent equip- 
ments in order to find the grade constants. It will be foand by testing a car on 
several different grades that a relation can be established between the speed 
obtained and the square of rise in feet per second of the car body which will be 
approximately a constant and can be applied to determine speeds on any other 
grades. The switching points will not be altered by increasing or decreasing the 
speed of all equipments, if their grade constants are the same. 

SliTBal Syst«mg.--Ii! signaling on single track roads, it is important, in 
order not to delay the schedule, that a car arriving at a tnm-out can maintain the 
block ahead clear, and clear the block behind it. A number of methods have been 
ased for this purpose, both manual and mechanical The principal manual 
method is known as the Ramsey System. This consists of a signal box at each 
tnm-out) and a single line wire between the turn-outs, with two lamps in one box 
and three lamps in the other. Each signal box is provided with two handles, one 
for the block ahead and one for the block behind, which throws the lamps either 
to ground or to line. It can be readily seen that a motorman, on arriving at the 
tnm-out, can cut the lamps out behind it by throwing the switch to ground, or to 
the same polarity as the switch at the turn-out back of it, and block the line ahead ' 
by throwing the switch so as to light the lamps in the signai box. If the lamps 
are already lighted in the signal box, it shows that the section ahead is already 
blocked. 

To introduce a signal system of this character on a railroad is a safeguard in 
operation, and also has great legal weight in case of accident, as it shows an inten- 
tion on the part of the operator to maintain a system of safety devices for the pre- 
vention of collisions. Several law suits for damages occurring where this system 
has been in vogue have been decided against the plaintiff, since it was shown that 
the m6torman ran against his signals and took chances, the plaintiff being the 
employee in these cases. 

The merit of a manual system is that its operation is always inspected. The 
rules lor operating the road with a manual system should include a clause requir- 
ing the reporting of any inoperative signal on the road, so that they will be main- 
tained by a rigid system of inspection. 

There are a number of automatic signals which are operated by the trolley 
throwing the switch, or auxiliary contacts operated by the trolley wheel, to block 
the road ahead and unblock the road behind the car. These are now being tried 
extensively on several roads, but in steam railroad practice it is found that in 
order to ensure reliable results signal systems should be under manual control. 
Steam railroad experience does not point out the possibility of an automatic 
device being always reliable, and it is subject to the criticism of ail automatic 
devices that their failure to operate is not observed hntil after an accident. 

Telephone systems have been used in connection with the single track road. 
The telephone system can be installed, with telephone boxes along the route, gen- 
erally at the point of turn-out, and the selective system used. Another method is 
to ran two parallel telephone wires along the road connecting the telephone 
to these wires by means of double hooks, either one hook above the other or a 
double-pronged hook introduced between the two telephone wires. In these sys- 
tems the double retum should always be used in order to cut out induction ; and 
where there is any trouble from this cause, the wire should be transposed.^verj 
thou8anj[.fe«t. Hard-drawn copper wire makes the best wire for this conitmc- 
tion, and, if covered, it should be weather-proof, doable-braided. 
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BxaaKliiAtloa oC tli« ]fotoniMii«-~In •zamininft th* OMitsnMii for pr»> 
flclency,' special qaestiong should be Mked to drtw oot tlie eflMixency methods Im 
use on the road, especially the use of the flioton as brakes and when to rsTerse 
them. Qnestibna should be asked bearing on points of the road where s|iecial 
attention is' required at crostinffs or where there are special grades to be 
descended. The following list of qnestions give those generally used for exam- 
ination of the motormen : 

Having been assigned a car t^ the foreman of yoor divisioa, what should be 
your ftrst duty before taking the same out of the shed? 

Who is snpposed to have charge of the car? 

What are your duties 9m motorman from the time yon lake ohaige of the car 
until the time you turn the same in, or deliver the car to yoor relief man? 

What are your duties with refersnee to running over railroad doosings, fkogs 
and switches? 

How would yon cross railroad crossingsi cross-overs, ftogs and switehss (with 
the brake set or released) ? 

What are your duties with reference to handling yoor car on a down grade? 

In running through water what would be the moet advantageous method In 
which to operate the motors ? 

What are your duties in case your oar gets beyond your control in going down 
a grade? 

In case your car wheels slip in making a grade, what method should yon 
apply to obviate same ? 

What are jrour duties respecting starting up in ease power is shut off ? ' 

Under what circumstances are you permitted to reverse your motors? 

In case it becomes necessary to reverse the motors, what is your first duty? 

In what manner would you replace a fuse ? 

In case a second fuse blows on being put in, what Is your duty? 

If a controller acts badly, or other electrical troubles present themselves and 
either motor becomes uncontrollable, what means would you take to ascertain 
or locate same? 

What are your duties in respect to occupation of your time while the car la 
on the stand? 

What would you do in case your controller becomes unmanageable with the 
current on and set, and you are not able to turn cylinder to a backward or for- 
ward position? 

Where are the contact switches located for the purpose of cutting out motors 
yn various types of controllers ? 

To what extent is the motorman responsible for the operation of the car? 

Under wliat circumstances are you permitted to pass persons desiring to 
board your car. 

In passing persons desiring to board your car, what is your duty? 

When approaching a car on opposite track that has been brought to a stop, 
what is your duty? 

Why should yon reduce the speed of car on approaching a switeh point? 

Why should the car clear the cross street before bringing the same to a stop? 

Should yotir car be dierailed or from any cause blockade the crossing of a 
■tiidi ritiltoad, what would be your first duty? 

Why Ihoiildyoti ring Um goog when a vehicle is ahead of your car and along 
oUlft Of the trackt 

Whit do yOa cteildor tho moat economical mMhed of operating the oontrollov, 
If 
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Explain' the fMith of the current from the time of leaving tbe generator at the 
power honee to ita retnm thereto. 

Wby ahonld the trolley neyer be palled down whilst the cnrrcnt la applied? 

Under what circnmatances would yon operate yonr car faater than time points 
named on time table f 

In what condition mnst yonr car be left in the car shed? 

What is yonr duty shonld yon And the trolley wire down? 

Do you consider it more Important to get away as quickly as possible in the 
event of accidents in order to maintain your car on time, or to remain and render 
all assistance possible? 

Before 1>ringing the tiar to a stop on an up grade with a slippery rail, when 
would yon begin dropping sand? 

Before making a stop On slippery rail, how should sand be used to prevent 
flat wheels? 

Should sand be used on a dry rail ? 

Should sand be used on a clean, wet rail ? 

Can a car be brought to a stop in the same distance undei all conditions of the 
rail? 

In what distance would you bring your car to a stop on a level, or slightly 
down grade, car being operated at a rate of 10 miles per hour, condition of track 
dry, and rail clean ? 

What is your duty with respect to the rail ahdhd of your car P 

In case a car does not start after stopping on a dirty rail, what means would 
you take in overcoming same ? 

In what position should your controller handle be with respect to the motors, 
running down grade ? 

If any electrical trouble presents itself with the motors and then cannot be 
controlled by the controller, what effort would you put forth in checking same ? 

In what manner shonld you handle your controller in building up the motors 
to full speed ? 

What are your duties with reference to brakes before bringing up the motors 
to full speed? 

What is your duty to avoid further destruction when a ring of fire paaeing 
around a commutator presents itself ? 

Name the two chief requirements of motormen ? 

Why should a sharp lookout be maintained at all times on the rail when the 
car is in motion P 

What tools and appliances should motormen have on the car at all times F 

What are the bell signals ? 

Why are motormen and conductors not allowed to enter a car in the car abed 
other than the car assigned to them ? 

Th« BUmdUnir of th« ControUar.—The question of the proper handUaK 
of the controller is one in which grades, the weight of equipment, motors «nd 
controller, all enter. It is the usual practice to instruct motormen to handle their 
oontroller, so as to get the equipment up to full speed in a certain time ; but thej 
should be fully inetmcted to realise the difference between the time when thef 
are operating near the power station, or at the end of the line, where the voltage 
drop is greater, in this case the acceleration Is slower, and to toro thteofttcoUit 
on too fast will increase the. drop on the line and decrsist the aeceleratioB of tbe 
Botor. 
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In cUmbiBff icnMlet the qnwtioa ariaet whether the motor should be In multi- 
ple or in series. This depends Ur^'ely on the location of the car with respect to 
the potential dellTery to the trollej at this point. If the voltage drop is consider- 
able, with the motors in multiple, the series position will be found more economi- 
cal, and the available energy for the equipment greater. It has been proven 
beyond a doubt that the proper handling of Uie controller will save as n^uch as 20 
per cent, in the coal bill. The curvee (Fig. MO) herewith show some data obtained 
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from the Chicago Street Railway, showing the dillerenoe in power consumption 
between a rapid start and a slow start 

Repair Shop Opemtton.— On many roads the labor in the repair shop has 
been put on a piece-work basis, and improvements in the cost of maintenance 
have been obuincd by this method of workinft. The following division iias been 
used by a large repair shop, a price being fixed for each operation. These prices 
are, for obvious reasons, omitted. 

Piece Work Prloe list for Motor Shop. 

COKTBOLLSmt. 

General overhauling includes 

Taking out and replacing dmnu 

Taking out and replacing wipers (Iiy. 

Taking ont and replacing springs (^). 
' Taking out aikd lepiaeinc capi. 

SfeialghtaniDC bent ciaver. 
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BlMTlBf Ml and iAspMUoB •! 00BB6CII01U1 te eontroller, eaiwpj-i^ttoli, fnM 
bMt and cat-OQt box. 

IzefaaDse dram. 

Sxohani^e reyene. 

Bxchange top (cast iron). 

Bxoliange pawl (in addition to prlea of osehanga dtttai). 

SxehauRe foot fin addition to priao of azelianga btcl^ 

Ezchanice back. 

Ezcbange blow magnet coil. 

ExcbaDge and fitting broken covet. 

Replacing and adjusting wiper. 

Replacing and adjusting back-spring. 
AvvATinns ahd Fiblds. 

ReplaciD|p armature. 

Bepladng field coils (eacb). 

Replacing and adjusting brnsb bolder and bnishef (inelmde^in replacing and 
.inspecting armature clearance). 

Replacing and adjustiug brush holder yoke. 

Replacing brash spring. 

Replacing connecting board. 

Replacing dnst pan or cover. 

iHSFXOTlOir. 

Inspecting wheels (each). 

Inspecting trolley. 

Inspection of armature clearaoee* blowlB$ o^t and pftlnt f u g. 

BSABIHOS. 

Replacing armatnre ^arlNS** 

Flttisg bttrlfigs 00 eicchaufad amatora (eath>i 

Pitting axle bearings (now, eaah). 

Axle bearing wick. 

TiMLLBV. .. 

Replacing worn ont wheel tad aptadMb 
Replacing wora out rops^ 
ta»placJpg pol«i 
Straightening pole. 
Replacing basoi. 
Replacing canopy iWitcft*. 
Replacing canopy switch 1 
Replacing fuse box« 
Replacing fuse box ping. 
Replacing cut-out box. 
Replacing cut-out box pliuit. 
Replacing three light cluster and lampi. 
Replacing single socket and lamp. 
Replacing lamp switch and ping. 
Replacing pinion (arm in place). 
Replacing gear (under car) 

One-half gear case taken down %nt riplae^ 09e|n494 in Inspeetipi ^tQlaMM 
daaranoa.) '' ' [^ . . 

Rsplaeinfgw pan (whole). -a^ir*i'rVr;t-^ iL:Vi>.';: 
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Mnon&AjraouB Blmtbio. 

Beplacing motor. 
Replacing motor fnme. 
lUkins icrsw eonnectloiD. 
XakinK M]<tered conneetloii. 
Beplacing direrter. 
Beplacing diterter apool. 
Cablea (under car). 
Stripping f ram^ 
Asaembling frame. 
Cleaning and painting. 

Beplacing motor with motor lift (as diatingaislied from Mmt operation, sa- 
placing motor, performed with crane). 

Equipment Becorda.— There are a number of methods of keeping e<|^nip- 
ment records. Some roade have a card catalogne, each card representing a car 
between certain dates, on which are printed the different car parts, with blanks 
left for remarks for the date and character of repairs. From these dates can be 
computed the life of the car wheels, trolley wheels, controllers and motors. This 
card can be made as large as 6 ins. x 8 ins., and on the bottom of it are remarks 
with room for dates when the car came into the repair shop. The mileage of the 
car is also entered. In this way a complete record of the equipment is obtained, 
from which can be computed the cost per year for repairs on the car. From these 
records the cost of maintenance for the different types of equipments, incladlng 
trucks, motors, trolley stands and wheels, and controllers, can also be determined. 

Power Station Beoords.— If careful data Is kept on the power station oper* 
ation, which includes the item of coal burnt per day and (if it is found economical 
to divide this to shifts) of coal bamt on each shift, the watts produced for each 
shift and the water evaporated can be determined. For the purpose of finding the 
water evaporated, it is well to have an indlvidaal water meter for each set of 
boilers as well as the main meter, to be read for each shift. From this data of 
the individual meters, and from the effective heating surface the equivalent 
evaporative efficiency of the boilers can be found. If their cleaning has been 
neglected it can be ascertained from these individual water meter records. 

In regard to the generators it has been customary in large units to have * 
wattmeter for each machine, in order that the output for each unit iier day can be 
determined. Where there is any difference in the character of the units, by com- 
paring tests (covering a period of a number of days) the efficiency of these differ- 
ent units can be discovered, with respect to the pounds of w;ater and watts output. 
By carefully noting these records and laying them out carefully in curve 
diagrams, very often leaky valves or undue frictions can be discovered. A more 
extensive record form is given on page 84, under " Boiler Room Tests.** 

Cost of Power.— In the purchase of power by a railway, there are two 
methods employed: one, by the car mile, and one by the kilowatt hour. The 
car mile basis is generally figured on an equivalent of 1.2 to 1.8 kilowatt hours to 
a car mile. The cost of power production for small roads is generally estimated 
on the basis of a car day, as the rate per car mile to cover the fixed charges against 
a small power production of this kind would be too high. 

In heating, boe heating currant Is taken from 16 par e«nt to a) par cent ta 
ai0eess of the operating current. The ear basis is fixed on a stogie track, standard 
ear body of tha tj^ nsad. for ^h« road. It is found that a daubla truck car do«| 
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not increase the watte per car mile, within a car-hody weight not exceeding three 
tons, over the single-track car-body weight. 

Lighting is generally included nuder the car mile hasis. On the car mile 
basis the line losses and gronnd return losses are against the power producer. 
On the kilowatt hour basis the line losses, or drops external to the equipment, 
increase the kilowatts per car mile in two ways; one, by the actual line losses 
and the other by the ineiflciency of the equipment, due to low potentials in equip- 
ment operation. On the kilowatt hour basis more copper and better bonding 
will often show a lucrative inveetment, but on the car mile basis it does not affect 
the cost of operation. 

Electric and air brakes, both Increase the consumption per car mile, the 
electric brake from using the motor at high temperatures, which tends to increase 
the C* R losses, and the axle driven and electric air brake, on account of the 
consumption of power for the compression of air. 

Charges for power can only be fixed when the conditions are known, which 
involve the number of equipments operated, the character of track, line drops, 
and power station investment necessary to maintain the potential on the line. 
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Acceleratioii as afPected by drop in 

feeders, 900 
Acceleration, measorement of, 78 
Accelerometer, 78 
Accamnlators (see Storage battery) 
A. C. railwaysystem, G. B. Co., 480 

Weetinghonse, 489 
Air, amonnt required for combustion of 

coal, 98 
Air brakes (see Brakes), 886 
Air, properties of, 21 
Air required for combustion of coai, 217 
Alloys, weight and strength of, 16 
Ammeters, 42, 298 

Calibration of, 86 
Ampere, definition of, 28 
Armature stand, 870 
Armatures, 414 
Arresters, 296 
Ashes, 189 

From coal, 99 
Axles, car, 889, 899 



Bake orens, 821 
Barrel calorimeter, 101 
Barschall treatment of ties, 188 
Battery, storage, 272 
Bearings, car, 892 ^ ^ 

Engine (see Steam engine) 

Engine, 228 

Generator (see Generators) 

Oiling, methods of, 892 
Belting, ffi4 ^ ^ 

Centers maximum, 287 

Dressing for, 286 

Flapping of, 287 

Hide for, 286 

H. P. transmitted by, 286 

Pulley dimensions, V86 

Rubber vs. leather, 284 

Weights of, 286 
Board measure, 8 

Tables of, 4 
Boilers 

Abendroth & Boot, 208, 204 

Babcock & Wilcox, 196 

Care of, 207 

Chimneys (see ChJnmeys) 



Boilers (continued) 

Coal (see Coal) 

Coal consampUon, 108 

Coal, wettinff of, 97 

Compounds for, 210 

Corrosion of, 209 

Determination of capacity of, \9t 

Dimensions, heating snrrace capac- 
ity, etc. of sundard tubular, 196 

Sconomiaers, 211 

Economy as effected by driving, 198 

Feeding, methods of, 212 

Feeding, relative efficiency of vari- 
ous methods, 213 

Feed pumps, 212 

Feed pumps and injectors, 218 

Feed water, 99 

Fire tube, 193 

Firing of, 206 

General information, 208 - 

CJeneral proportions, 189 

Grates, aw 

Grate surface per h.p. (table), 108 

Hartford inspection and insurance 
company's setting, 194 

Heaters .and purifiers, 210 

Losses in, 100 

Management of, 206 

Mechanical draft (see Mechanical 
draft) 

Mechanical stokers, 204 
' Morrin climax, 201, 202 

Operation of, 206 

Bating, 188 

Beport of test, 198 

Beportof tests of Babcock & Wil- 
cox, 199 

Beport of tests on mechanical draft 
and fuel economizers, 212 

Beport of tests on Stirling, 201 

B^rt of tests with hand firing and 
mechanical stokers^ 206 

Saving in fuel by feed water heating 
(table), 211 ^ 

Setting plans, 203 

Setting, proportions for, 196 

Starting new, 208 

Stirling water tube, 199, 200 

Table of standard Babcock & Wil- 
cox, 197 

Testing (uee Power station testing) 

Tests for suitable water, WO 
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Bollen (continiied) 

Types of, 198 

Water tube, 106 

Water ander grate, 97 

Water need in, 909 
Bonds, 848 

At crossings, 868 

Capacity of, 362 

Installation of, 850 

Mechanical strength of, 868 

Tents of. 861 

Types of, 348, 849, 860 
ISond testing, 45 

Aggregate test, 49 
Antographic method, 47 
Booster, 279 

Booster and storage battery connectloai 
to switchbou^, 875 

Differential, connections c»r, 278 

Generator operated as, 279, 880 
Brake, friction, price, 407 

Leverage, 408 

Xevers, design of, 402, 408 

Shoes, record of, <08 
Brakes, air, 898 

Air, application to maximum trac- 
tion tracks, 412 
Apparatus, arrangement of, 899, 

Antomatic, 396 
Ohristensen, 410 
Magann system, 411 
Standard, 411 
Storage system, 411 
Straight, 896 
Electric, 404 

Controller for, 404 
Controller, automatic, for, 404 
Hand, 466 

Power at wheel, 406 
Magnetic, 404 

Price-Darling, 404, 406 
Westinghonse, 404, 406 
Momentum, Price system, 4U 
Power, 396 
Shoes in service, 406 
Braking power, 408 

Brake pressure and traction eoeffl- 

cient, relation between, 406 
Pressure 408 
British thermal unit (B. t. u.), 188 
Brash, flashing of, 414 
Brashes (see Generators) 

Qualities of, 488 
Building materials, strength of, 18 

Weight of, 11 
Bumettizingof ties, 180 
Bne-bars, properties of, 290 



Cable conduits, 848 

Connection of underground to 
overhead line, 846 

Ducts, 348 
Cables, 846 

Current density in, 847 



Calibration tests, 88 
Calorimeter, barrel, 101 

Motor, 78 
Capacity (specite) of Insulators, 27 
Car axles, 889, 892 
Bearings, 892 
Bodies, splicing of, 888 
Body dimensions, 878 
Bodv specifications, 872 
Car equipment, 872 

Acceleration and braking tests 

of, 78 
Armatore and field resistances, 

test for, 67 
Controllers, 4S5 
Blimination of grades in tests 

for power consumption, 71 
Low Ksistance gioands, tests 

for, 67 
Motorman^s characteristics, 

tests for, 78 
Motors (see Motors), 418 
Opens, location of, 67 
Operation of, 436, 486 
Power consumption, measure- 
ment of, C9 
Rheostat resistance, test for, 87 
Temperature measurements, 68 
Testing of, 68 
Wiring, 484 
Car house, 863 

Doors, 864 
Floors, 864 
. Heating of, 864 
Lightang of, 864 ~ 
Overhead construction, 8G3 
Roof, 866 
Track, 157 
Transfer tables, 863 
Car parts, nomenclature of, 379, 880, 881, 

888 
Car wheels, 895 
Flanges, 897 
Flat, 898 
In service, 408 
Material for, 896 
Mounting on axles, 896, 897 
Record of, 406 
Sections of, 897 
Specification^ for, 89d 
Testing of, 896 
Weight of, 897 
Car wiring, 484 
Cars, care of, 866 
Fire proof, 884 

Interorlian construction of, 884 
Methods of lubrication of, 866 
RepaiE shop for. 867 
Washing of, 866 
Cast weld joint, resistance of, 852 
Ceilings, car, 376 
Cement, natural and artificial, 171 

Testing of, 86 
Characteristics of generators. 92 
Chimneys, 217 

Breeching and flues. 218 
Brick construction of, 217 
hampers for, 219 
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82ft;%ttction of, by long An** 
218 

Fines, insalation of, 218 

Iron ■tacks. 218 

Chloride cells, J?r«, 278 

(Circlet, areas and clrcnmferences, 7 

Clrcnit breakers, 2M,a08 

Climate effectsnpon choice of ties, 180 

Coafairreiiiired fot combustion of. 

Ashes from, 02 
Ashes In. 182 
CoabasDon of, 26 
Consumption of boil«>r8, 108 
Per h. p. hr.for different type en- 
gines, 224 . ,^ 
Steaming qualities of , 182 
Weighing utntomattc) of, 28 
WelKhinjB(hand)of.9J 
Coals, classification of ,120 

Composition of. 120 . ^.♦j^. 

Bauiyalent evaporation and bating 
Talue8,Ubleof.l21 

Seating value, calculation of, 120 
eating value of ▼arlous. M 
Heating values, table of, 120 
Coils, machine wound, 416 
Columns, safe loads on cast Iron, 176 
CommuUtors (see generators) 
Careof,486 
Lubrication of, 438 

Compressive strength of various ma- 

ter.alP, 14 
Concrete, 172 

Mixers, 178 ^ ^^- __. 
Condensers, iujector type, 2%2«) 
Jet, amountof cooling surfaces, 252 
Compara«4ve weight of injection 

watt)' and steam, 256 
Type, 255 
Self-cooling, 257, 260 
Surface, 269 . ,. ^ _^ 

SJtrf&ce, amount of cooling surface, 

258 
With pump injector, 252, 260 
Conductors, 846 

Cables (see Cables) 

Csarying capacity m varions sires, 

23 
Curreftt carrying capacity of, 847 
Iron, properties of , 26 
Belatlve resistance of, 24 
Conduit foad, 864^ ^ ^ ^ . 
Current plough, 166, 867 
Conduits, 843 ^ '^^ 
Fonndations for, 844 
Han holes, 844 
Control, hand, 425 ^ 
Multiple unit, «| 
Multiple unit, Spragn*. 481 
Controller brake, 404 
K40.E.,66 



Coni roller brako (oosiUwiat) 

UWeatinglioasa,U 

Operation of. 446 

Swles parallel, 428 
Controllers, 426 

0tmeusk>nsof,4»,4aO 

Fora.o.syst«n,440,441 

PsrUof,42B 

quests for ihulta and grounds, 84 

Type K, 422 

Type L-2, 426 
CMvention equivalents, 2 

Table of units, 26 
Copper wire, properties of, 887 
Core loMes in motors, 80 
OMMoting of ties, 181_^ 
Cross arms, typea of, 821 
CrOBflogs^882^ ^ ^ . ^ _^ 
Current capacity of vaii^ni siaed wires, 
28 

Measurement with galvanometer. 

Per car 'wkmk flissHiu oaHflHWBa, 

221 
Curves, 108 

Chart for location of, 144 
Basement, 146, 151jl68 
Elements of new 20°, 121 
Laying out eenterllno of taagaats, 

147 
Laying out of, 146 
Middle ordlnates on 10 ft. chords, 

158 
Spiral, 14$ ^ ^ 

Super elevation of outer rail for 

different speeds and cmrves, 168 
TrdDey wiroeonstruction at, 886,886 
eu«t, enbk eontents of, 107 



Decimal parts of mi inch, 21 

Doori, car, 877 

Brills, 809 

Ducts, 848 

Dynamos (see Generators) 



]ter(h8, weight of vU 
SMPie bniles, 404 
Railway tests, 46 
Weld joint, resistance of, 862 
Electrolysis, 868 

Calibration of pipe for current flow, 

61 
Contour maps, 54 

Current flow for ca^'h m'lllvolt 

drop, for PtAndard sized pipes, 52 

Current flow in pipes, measurement 

of, 49. 61 , . . 

Distribution of current in piping 
systems, 53 ^ ^ . . 

Drop in variciue standard Mzed 
pipes, R8 
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BlectiolTiif (eontiiiDfld) 

Drop on groand ntan dienlta, tMt 

for, 66 
Barth reaistoDce, tMt for, 66 
Location of, 862 
Belatire condaetiritj of nUs and 

pipe retom, test for, 68 
Soil reeiBtonce, 800. 861 
Test for cnirent aiverted to pipe 
systems, 64 
BmlMnkmeDt, shrinkage of, 108 
£. m. f . measured by tne potentiometer 

method, 84 
E. m. f. read directly with galvano- 
meter, 88 
Energy consamption per car mile, 801 

Per ton mUe, 804 
Engines, oiling of, 104 
Equipmentof cais, 872 
Records, 448 
Testing of, 68 
Excavations, cubic contents of, 107 
Exhaust piping, 264 



purijiers (see 



Fall test of rails, 85 
< Faults, armature, location of, 81 

Location of, 68 
Feed pumps, 218 
Feeder calculation, 71 

Wire supports, 827 
Feeders (see Line) 
Feeders, 801 

Return, 888 

(Three-phsse), cost of, 116 
Feed-water heaters and puriH 

Boilers) 
Field coils, resistance testing of, 87 

Winding, 870 
Fields, 418 

Fjre insniance rules, 186 
Fire-proof carf, 884 
Fittings for pipes, 246 
Flashing, 414 
Flat wheels, 896 
Floors, 179 ^ 

Car house, 864 

Fire-proof. 181 

Load on. 179 

Spacing of beams, 180 
Fly wheels, 288 
Fog, effect on high tension Insnlatqrs, 

Footings, 170 
Foundations, 167 

Bearing power of, 166 

Courses, 170 

For conduits, 844 

Footings, 170 

Machine, 186 

MateriHlsfor, 171 

Piles, 170 

Testing of, 160 
Framing, car, 874 
Friction iose^ in motors, 80 
Fo«ef,80| 



Galvanometer, protection of, frommag" 
netic disturbances, 86 
Used to measure current, 86 
Used to read e. m. f., 88 
Galvanometers, 82 
Gas engim 8, 282 

Coal consumption, 262 
Gases, properties of, 19 
Gaskets, 247 

Generator, armature, current densltr 
In, 266 
Bearings, 266 
Starting of, 91 
Generators, armature, 266 

Armature, energy lost in, 266 
Insulation resistence of, 865 
Radiating surface, 265 
Brushes, adjustment of, 866 
And brush holders, 866 
Current density in, 886 
Loss of potential in, 866 
Resistance of, 866 
CharacterisUcs, 02 
Commutator, 865 
Care of, 866 

Radiating surface of, 866 
Comjpound, 864 

Equalization of, 60 
Current per car under dilterent con- 
ditions, 281 
Sfllciency, 864 
Excitation, 01 
Field, 864 

Energy required by, 864 
Radiating surface, 864 
Rheostat, 864 
How to find number of field turns. 

04 
How to start excitation, 91 
Insulation resistance tests, 90 ^ 
Load curves, 828 
L6ad when testing, 94 
Haffnetism, test for distribution of, 

Railwav, 864 

Saturation curve, observation of, 96 
Sizes and dimensions of G. £. rail- 
way, 870, 871 
Sizes and dimensions of special 
raUway, 867, 868 ^^ 

Sizes and dimensions of Westing- 
' bouse railway, 867, 268, 880 
Temperature measurements, 08 
Temperature rise, 864 
Testing of, 89 
Ventilation, 265 
Gould storage battery. 876, 870 
Grades, eilect on energy consumption, 

Effect on engine loads, 820 
Effect on power consamptio**, 71 
' Effect on starling current, 808 
Effect on traction oo-ef&cient, 808 
Maximum safe, 107 
Pndn measure^ ^ 
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QvonndplAtoi, 880,840 

Betoni, connectioii to nila, 840,841 



of, 1 



Method of meMorlnic feeder 
euirenti, 841 
Qnmndlnff, 889, 840 
Gfoimde, location of, (18 
GiOBt, 172 



Batten, feed water, 810 
Heatiiig of car booae, 804 
Hide for bcltinjr. 886 
Hoiet for car bodies, 808 
Boodi, car, 870 



Indicator card, 881, 888 
Indicators, 880 
Indactance of rail cirooit, i 

of,48 ' 
Injeciora, 818 
Inspector, adyioe to, 488 
Instmments, direct reading, 48 

Scale rectifying device, 48 
Insolation as affected by oil, 104 

Line, testing of, 80 

Resistance, measneement of, 40 

Test, galyanometer method, 40 

Test, voltmeter method, 40 
Insulators, 87 

Feeder, 814 

For undergronnd conduit, 860 

Glass vs. ponselain, 87 

Hetbod of testing, 88 

Resistance and specific capacity of. 

Testing of, 87, 814, 818 

Testing pressure for, 88 

Trolley wire, 881 
Interurban roads, cost of, 115 
Iron losses in motors, 80 
Iron wire, properties of, 80 j 



Jointing of feeders, 818 

Joints, Atlas. 180 
Bolted, 186 
Cast weld, 187 
Churchill, 186, 180 
Continuous, 186, 188 
Electric weld, 180 
Nicolls, 187 
Thermite, 187 
Weber, 190 



tsnd, drying cf,8<3 

Lathes, 860 

Leaka, location of, SO 



Length, mi. 

Lev3Ung, 108 

Lighting of car hooae, 884 

Lightning^ttetion, 890 

Lk^^OOO 

A.C. troUey wire construction, 441 
Connection to underground cable. 

Construction, cost of, 116 
Carve construction, 886, 886, 887 
B. c; distribution, limitation of, 800 
Erection of span and troUey wires, 

Feeder, method of connection to 
trolley, 880 

Supports, 827 
FMders, arrangements of, 801 

Calculation of , 801 

Constructiim and jointing of ,818 

Distribution of, 806 

Effect of grades on, 808 

Insalators, 814 

Multiple (chart), 806, 807 

Proportioning of, 808 

Relation of drop to acceleration, 

Ground retnm (see Orbund return) 

Insulation, testing of, 80 

Insalators (see Insulators) 

Leakage, 87 

Leakage test, 68 

Multiple feeding, 818 

Poles (see Poles), 816 

Resistance test, 60 

Return feeders, 888 

Sag for different lengths and tea* 
sions, 888 

Selection of transmission system. 
800 ^ 

Side arm construction, 886 

TroUey, wire, 887 

Trolley, wire, curves. 888 

Trolley, wire, insulators, 881 

Wire table, 809 
^ Wiring diagram, 806) 810, 811 
Liquid measure, 3 
liquids, weight of different standard 

volumes of, 18 
Lubrication, 104 

Oils, testing of, 106 

Of cars, 806 

Systems, 104 



MachtoCTy required ia oar repahr shops. 

Magnetic brake^ 104 
Manholes, construction of, 844 
Materials, strength of, 18 

Weight of, 11 
Measnn .^ents, pr8ctica^ 87 
Measures and weighta lables of, 1 
Mechanica1draff,^0 

Forcf^d 819 

Induced, 819 

Reports of ezperlsianti, 818 
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Ifcofuiatioii. 5 . ^ 

Metals, weight and atraiftll ol, IS 

Metrio eqnivaleiitti Ifi 

Metric weight eqnlYalMti, 4 

Miner'* inch, jl 

Mortars. 172 

Motor equipment, 418 

Calorimeter, 'ii 
Motorman, advice to, 485 

Examfaiatlen of* 44» 
Motors, 412 

▲nuatore breakdowns, 414 
Insulation ol^ 414 
Insnlation resistance, 41i 
XioeatioB of f anlts and grotnds, 

Testhig for shorts bj induction 

Gonneotions foir a. c. sjFSteni, 440,441 

CdntroUeJ'for,4fl9 

Core losses, measorement of, 80, 

Bqualization of, 01 

Field coil, oonstructipn of, 418 

Insolation of, 418 

Insalation resistance, 414 
l^eld faults, location of, 84 
Fields, location of fanlts tnd 

grounds, 84 
FlashlBi^. 414 

Friction losses, measareBiont of, 80 
O. B., 422 

No. 53, 422 

(New)No.88,4S( 

No. 54, 422 

No. 65, 4S& 

No. 57, 423, 424 

(New) No. 58, 425 

(New)No.<K>,425 

?Kew)No.60A.C..426 

No. 69. 422 

No. 67, 422 

(New) No. 74, 425 
How to find nnmber of field turns, 

04 
iDSulation of equipment, 412 
Location of shorts, 8^, 88 
ilepair of, 413 
Temperature rise, 412 
Testing of, brake test, 75 
Testing of, generator method, T7 
Testing of, loadine back method,^ 
Westinghouse, 416 

No. 12A. 416, 417, 418 

No. 888,416 

No. 49, 419, 421 

Jo, 56, 420, 421 

JSO. 76, 421 
aD.85,4i^ 
Ho. 89, 421 _ 
iio. 91A.0., 428 
No. 92, 421 
No. 98, 421 



Xnltiple unit colittol, 481 



Ohm, definition of. 28 
Ohm's law, definition of, 82 

Worked oat graphically, 80 
Oil mist, 104 
Oil piping, 104 

Oiling, method of, ear bearings, 888 
Oils, qualifications of, 105 

Testing of, 108 
Opens, location of, 67 
Operation, 442 
Ores, weight of, 11 
Ovens, 871 
Overhead construction, cost of. 115 



Pavement and track, cost of, 158 to 166^ 

AiBpbalt, cost of, 162 

Block stone, cost of, 165 

Stone, cost of, 159 
Pelton wheel, 284 
Piles, beiNring power of, 170 
Pins, insulation resistance of wooden, 

80 
Pipe coverings, 250 
Pipes, dimensions of, 261, 258 
Pipe fittings, 246 
Piping for oil, 104 
Piping, steam (see Steam piping) 
Planers, 860 
Platform, car, 875 

Plough for current collection, 855, 867 
Pole fittings, 825 

Line, 816 
Poles. croBS arms, 326 

Dimensions, 817 

Footings, 828 

Iron, 817 

Iron— standard sizes, 819 

Iron, strength of, 818 

Iron, tes\s on, 820 

Lattice, 819 

Baising of, 824 

Setting of , 822 . 

Specifications for, 317, 820 

Testing of, 86 

Trolley, 382 

Types of, 821 

Wdght of wire supported by, 886 
.Woods for, 817, 818 
Polygons, table of regular, 5 
Power, cost of, 449 

Measurements, 48 

Station, 96, 167 

Belts (see Belting) 
Boiler (see Boilers) 
Booster (see Booster) 
Construction, columns, 176 
Floors, 179 
Foui datiohs, 107 
Internal foundations, 118 

Boou,m 
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tS7 



Power itation ron9tTncti<>n (coDtlnned) 
Tvplca) oUiUoiiS, ItfS 
Walls, m 
oottof, no 

Fire Intaraoce, 186 * 

Itemized coet|Sn 

IxMd carree, te 

Location, 107 

Practical economy of operation, 

Records. 449 

Hope drive (see Rope drive) 

Botary conTerter^ (see Syn- 

chronons converters) 
ShaftinfT, (»ee Ohalting) 
Hteam soglne (see Steam engine) 
Storu;e battery (see Storage 

battery), t79 
Switchboards (see Switch- 
boards) 
Testing, 90 
Ashes. 99 
Boiler losses, 100 
Coal bamedj*90 
Feedwater, 08 
Firing, 97 
Potentiometer.M 
Prony brake, 76 
Pulleys, 286, 288, 289 
Pumps, diameters of suction and deliv- 
erv pipes, 210 
Blectiically driven, 817 
Steam, theoretical capacity of. 214 
Theoretical h. p. required to lift 
water to different heights, 210 
Purifiers, feedwater, 210 
Pyrometers, use In boilers, 200 



Questions for motormen, 446 



Radiating surface per k. w. output, 904, 

966.260 
Rail Joints, resistance of, 882 
Ralls, chairs, 188 

Composition of, 126, 120 

Blftctrlcal resistance of, 1S7 

Expansion and contraction of, 127 

Guard, 141, 148 

Joints (see Joints) 

Joints. 122, 128, 184 

Joint fasteners, 134 

Nomenclature of, 121 

Pavements, effect on choice of, 124 

Sections, 121 

Special work (see Track) 

Specifications for, 124 

Street traffic, effect of, on choice of, 
128 

Super elevation of outer, 168 

Testing of, 84, 126, 126 

Weights and lengths of, 128 

Weight per mile of track, 129 



Ramsey signal system, 444 
Reoordlng aceel«rom«lsr, 78 

Instruments, 40 
Repair shops, 807 
Car body hoist, 800 
Squipmeht, 809-871 
Equipment records, 449 
General arrangements, 867 
Operation, 447 
Piece work price list, 447 
List of equipment required by dif* 
f erent siaed roads, 809 
Resistance, comparison of various nnlt^ 
29 
For different controller notehes, 06 
Measurements, 87 
Of bonds, 852 

Car equipment, 04 
Galvanized Iron wires, 90 
Insalators, 87 
Line, test for, 69 
RaU joints, O&t 
Rails, 127 
Soils. 800, 801 
Various oondnetors, 84 
Testing of bonds, 46 
Rotardation, meseurement of, T8 
Rheostat for field control, resistance 

of, 864 
Rheosiats, tests for faults and grounds, 
84 
Water, 96 
Roadbed (see Track) 
Of P.R.R., 118 
Roof augles commonly used, 176 
Car. 876 



Of car house, 866 
Strains on, 174 



Trusses, 177 
Types of, 177-179 
Rope drive, 288 

American and English method, 

289 
H. P. transmitted by i 
Pulleys, diameter of , $ 
Rotary converter (see Synchronous 
converters) 



Sand, 172 

Saturation curve. 90 
Schedule diagram, 448 

Of operation. 442 
Screws, standard machine, 88 
Seats, car, 877 
Service schedule, 448 
Shafting, bearing centers, 287, 288 

Jack, dimensions of, 288 
Shoes, brake. In service, 408 
Sigual systems, 444 
Single-phase railway system, 480 
Sleepers (see Ties) 
Snow, weight of, 176 
Soils, bearmg power of, 168 

Resistance of, 800, 801 

Shrinkage of vartonit 100 . 
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Solid meaBore, t 

Span wires, erection of, tS8 

Span wire flxtaree, 829 

Sparkiug of commutator, 480 

Speed, milee per hr., feet per min., fe«t 

per8«c.,44B 
Speeds, revolntions per mile, 448 

Schedule of, 442 
Splivis, 818 

Sprague multiple unit control, 481, 488 
Stand test of motoro, 75 
;^ Steam, allowable velocity in pipes, S41 
* Calorimeter, 108 

Economy due to super-heating of, 

S58 
Engines, 890 

Clearance allowable, 826 

Coal per h. p. hr. for different 

types, 884 
Compression of steam in cylin-> 

der, 888 
Condeneers (see Condensers) 
Cost of, 825 
Data of prominent, 889 
BlTision of units, 886 
Drain pipes, 848 
Efficiency as affected by loa^ 

Flywheels, 888 
Fnction losses, 880 
Efficiency, maximum, 888 
H. P. per lb. mean effective 

pressue, 886 
Load as affected by grader, 890 
Load curves, 888 
Mechanical strains, 286 
Parts, dimension of, SS6 
Selection of, 8ii0 
Shafts, sizes of, for direct con- 
nected units, 887 
Speeds, rotary and piston, 886 
Steam consumption at different 

loads, 828 
Testing, 880 

Clearance, 838 
Indicator card, 881, 838 
Indicators, 280 
Thermal efficiency, 841 
True ratio of expansion as af- 
fected by cut-off and clear- 
ance, 837 
Tartiines (see Steam turbines) 
Weight of steam per h. p. hr.. 

Piping, 241 

Brass and copper, 846 
Combination system, 848 
Condt nsation loss, 851 
Coverings, 860 
Dimensions ot. extra strong 

wrought iron pipe, 868 
Dimension!* of standard weight 

iron pip. s, 251 
Draining; of, 248 
Economy due to superheated 

■team, 858 
Engine drains, M8 
Xx&ia8t,864 



Steam piping (continued i 
Exhaust heads, 866 
Fittings, 246 
Gaskets, 847 
Holly loop, 849, 860 
Joints, 846 
Loop system. 848, 848 
Losses in, 260 
Losses m exhaust, 864 
Material and sizes, 846 
Plain loop, 849 
Pounds of steam condensed pei 

foot (table), 253 
Report of tests on coverings, 264 
Separators, 847 

Size, determination of, 841, 848 
Sizes of copper and bra^s tub- 
ing, 258 
Supports, 247 
Unit system, 848 
Valves, 846 

Velocity allowable in, 241 
Velocity in. for different pres- 

sure losses, 844 
Velocity in,for different weights 
delivered per hr., 845 
Properties of saturated, 19 
Saturation, 102 
Separators, 847 
Superheated, 860 
Turbines, 860 

Condensers to use with, 861 
Floor space, 261 
Report of lesU on, 861, 862 
Speed, 261 

Steam consumption, 261, 868 
With superheated steam, 860 
Steps, car, 878 
Stone measure, 8 
Stones, weight of, 11 
Storage battery, 878 

And booster connections to 

switcliboard, 275 
Attendance of. 876 
Chloride cell, size, weight, per 

formance, etc., 878 
Connection of, 878, 273 
Iffect on railway loads, 274 
Gould cell, size, weight, per- 
formance, etc, 279 
Installation of, 276 
Installations, data on, 276 
Operation of, 277 
Types of, 276 
Voltage normal, 278 
Where to install, 272 
Strength (compressive) of various ma- 
terials, M 
Of alloys, 16 
Merals, 16 
Various woods, 17 
Wires, 16 
(Tensile) of varionsmater'als, 18 
Sub-station booster (see booster) 
Connection to main station, 897 
Cost of, 116 
Polyphase, 896 
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ubetation (continued) 
/ Rotary conyerter (see Synchronous 

converters) 
lurface, measores of, 1 
lurveTor's measures, 1 
•witchboard connections, 078, 275, 891, 
j 892, 294, 296, 897 

Construction of, 890 

Instraments, 898 
( Lightning protection, 296 
iynchronons converters, types of, 281 
I Transformer connections f or,282-884 



Telephones In signal systems, 444 

Temperature by resistance measure- 

\ ments, 68 

, Rise by resistance measurements, 93 

n^ensile strength of various materials, 18 

Testing of cars (see Car equipments) 

Tests on eleotric railway systems, 45 

Thermite Joint resistance, 858 

Thermmeter for feedwater, 100 

Third-rail road. 854 

Thompson method of resistance meas- 

urement, 88 
ries, dimensions, bearing surface, etc., 
181 
Life of, 189 

Material suitable for special cli- 
mates, 180 
Number per mile, 181 
Steel, 181 
1 Treatment, 180 
hcimber beams, strength of, 156, 
, Measure. 8 
n*ools, machine, 809 
trrack, 106 

And pavement, cost of, 166 
Bonoing (see Bonds) 
Bolts, 187 

Bolts with nuts, weight of, 188 
Gar house (see Car house) 
> Construction, cost of, 116 
Detroit, Mich., 117, 119 
In cities, 109 
Interurban, 118 
Kansas City, 118. 119 
Los Angeles^Cal., 119 
Milwaukee, Wis., 119, 180 
Oh concrete girders, 110 
Scranton, Pa., 116, 117 
Curve work, 187 
Curves, 108, 148 
Curves (see Curves) 
CuU and Alls, 107 
Frog work and nomenclature of ,141 
Grades, 107 
Guard rails, 141, 148 
Levelling, 106 
Location, 108 _ 

Maximum deflection, 86t 
Rail chahrs, 188 
Rail JointsVsee Joints) 
Bails (see RaUs)^ 
Boadbed, types of, 109 



Track (continued) 
Special work. 187 
. Special work, nomenclature of, 
189, 140 
Specifications for city, 100 
For interurban, 112 

P. R. R. roadbed, 112 
Spikes required per mile, 182 
Spring frog, 142 
Switches, 138 
Tie plates, 133 
Tie rods, 133 
Ties (see Ties) 
Trestle work, 154 

Strength of timber, 155, 156 
Turnouts, 188 
Traction coefficient, relation to brake 
pressure. 406 
Coefficient relation to energy con- 
sumption en different grades, 808 
Method of increasing, 887 
Transfe/ tables for cars, 863 
Transformer for finding shorts onar 

mature, 82 
Transformers, connections for synchro- 
nous converters, 882-884 
Transmission line, 800 

Losses, measurement of, 48 
System, selection of, 800 
Trolley board, 875 
Wire, 837 

(See Line), 828 
Suspension, 888 
Trucks, 387 
BrllU890 

Dimensions of, 891, 894 
Interurban, 398 
Motor, 898 
Maximum traction, 418 
Motor, weight of, 881 
Peckham, S7, 888 
Selection of, 889 
Test of, 887 
Traetion, method of increasing, 187 



Units, conversion table of, 86 
Electrical, 88 



Valves, steam, 946 
Volt, definition of, 89 
Voltmeter, 28 
Voltmeters, 48, 898 



Water feed to boilers, 90 
Friction of, in pipes, 816 
Power, 868 

Estimation of reooverable, Mi 
Measurement of h. p. of, 868 



4fiO 



INDEX. 



Wat« power (contionad) 

Report of teBts on Victor tur- 
bine, 268 
Turbines, selection of, 964 
Rheoetat. 96 
Suitable for boilers, 909 
Watt hoar-meter. 44 
Wattmeter, 44, !^08 
WviRht of alloys, 16 

Of different standard volnmes of 
▼arions liquids, 18 
Metals, 15 
Rails, 128 
Snow, 176 

Track bolts and nnta, 188 
Various materials, 11 
Various woods, 17 
Wires, 16 
-Weights and measures. 1 
OoDTeraion table ox, 4 



Weston instruments, 48 
Wheatstone bridge, 39 
Wheels, car (see Car wheels) 

Revolutions per mile, 448 
Wind pressure on roofs, 174 

Velocity andpressure of, 175 
Windows, car, 376 
Wire, copper, properties of, 387 

Current capacity of various aisea, 81 

Gauges compared, 23 

Qron), properties of, 86 

Weight and strength of, 16 
Wiring, car, 484 
Wood measure, 8 

Weight and strength of, 17 
Woods, characteristics of various, 3]7, 
818 
Life of various, when used as ties, 
189 
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